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PREFACE. 


An  experience  of  some  seventeen  years  as  teachers  in  a  pro- 
fessional school,  where  Chemistry  is  considered  one  of  the  foun- 
dation-stones upon  which  young  men  must  build  a  technical 
education,  has  convinced  the  authors  that  the  subject  must  be 
taught  in  a  way  that,  while  thoroughly  scientific,  is  yet  distinctly 
adapted  to  the  ultimate  uses  of  the  students. 

The  professions  of  Pharmacy  and  Medicine  are  closely  related, 
and  their  uses  for  Chemistry  are  very  much  alike.  The  mem- 
bers of  these  professions  must  understand  the  composition  and 
chemical  properties  and  possibilities  of  the  whole  materia  tnedica, 
both  inorganic  and  organic,  in  order  safely  to  maintain  the 
important  trusts  committed  to  them, — trusts  involving  the  con- 
tinued health  and  life  of  their  fellow-men.  The  importance  of 
thorough  chemical  knowledge  for  these  related  professions  is 
now  recognized  in  the  fullest  way  in  their  official  publication, 
the  U.  S.  Pharmacopoeia,  the  last  edition  of  which  has  embodied 
throughout  the  most  detailed  and  exact  statements  of  the  chemi- 
cal nature,  properties,  and  reactions  of  medicinal  substances, 
together  with  methods  of  analysis  or  assay  and  tests  for  purity. 

We  have  sought  in  the  following  pages  to  offer  a  text-book  on 
Chemistry  which  should  combine  scientific  accuracy  and  com- 
pleteness with  that  special  reference  to  the  needs  of  the  pharma- 
ceutical and  medical  student,  as  well  as  those  in  active  professional 
practice,  which  will  make  it  of  value  for  both  study  and  reference. 
Compounds  recognized  in  the  U.  S.  Pharmacopoeia  are  specially 
indicated,  but  they  are  not  taken  out  of  their  proper  position  for 
such  discussion. 

A  brief  outline  of  Elementary  Physics,  much  of  which  is  abso- 
liitrly  essential  for  the  understanding  of  chemical  methods,  forms 
Part  I.     The  convenient  division  of  the  elements  into  Non-Metals 
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4  PREFACE. 

and  Metals  is  followed  in  the  main  in  Parts  II.  and  III. , 
to  the  limitations  made  necessary  by  the  chemical  relatioc 
indicated  by  the  valence  groups.  Part  IV.  deals  with  i 
Chemistry.  While  the  arrangement  here  followed  is 
scientific,  it  has  been  sought  to  give  the  subject  a  distinct 
tical  bearing,  and  to  this  end  the  industrial  applications 
ganic  compounds  have  been  noted,  and  in  a  number  < 
illustrated. 

In   Part  V.  a  brief  outline  of  Qualitative  and  Quan 
Analysis   is  given,  the  methods  being  such  as  have 
of  value  in  our  own  practice.     A  number  of  the  Phar 
tical  Assays  of  the  U.  S.  Pharmacopoeia  are  also  added. 

The  Appendix  contains,  besides  a  list  of  the  chemical  el 
with  atomic  weights  and  valences,  thermometric  scales  a 
specific  gravity  tables  in  most  general  use. 

The  authors  have  made  free  use  of  many  chemical  work 
as  Fliickiger's  **  Pharmaceutische  Chemie,*'  Schmidt's  **  P 
ceutische  Chemie,  *  *  Meyer  and  Jacobson*s  *  *  Organische  Ch 
Bemthsen*s  **  Organische  Chemie/*  Weyl's  **Organisch 
miefur  Mediciner,**  Fischer's  **  Neuere  Arzneimittel,"  Gai 
"Physiological  Chemistry,'*  Pictet's  **Alcaloides  V6g6 
Power's  ''Essential  Oils,"  Allen's  ** Commercial  Organic 
ysis,"  Prescott's  **  Organic  Analysis,"  and  Sadtler's  **  Inc 
Organic  Chemistry." 

Our  thanks  are  due  to  J.  C.  Peacock  for  valuable  assista 

the  preparation  of  Parts  III.  and  V.,   to  S.  S.  Sacitler  a 

Blount  Hunter  for  work  on  the  index,  and  to  Edwin  1 

for  the  execution  of  many  original  drawings  for  the  illust 

of  the  work. 

S.  P 

H.  1 
Philadelphia,  February,  1895. 
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PART   I. 


ELEMENTARY  PHYSICS 


CHAPTER   I. 

MATTER,  FORCE,  AND   MOTION. 

1.  Introductory. 

Scicjice  is  the  attempt  to  classify  facts  or  observations  according 
to  apparent  points  of  resemblance  or  difference  and  to  suggest 
underlying  causes  for  these. 

Matter  is  that  which  occupies  space  and  is  apprehended  by  the 
aid  of  our  senses. 

Physical  Sciences, — ^AU  branches  of  physical  science,  as  op- 
posed to  metaphysical  science,  are  concerned  with  the  study  of 
matter,  its  properties,  forms,  motions,  and  the  laws  sirhich  de- 
termine and  regulate  these.  We  may  again  distinguish  between 
the  descriptive  or  natural  history  sciences,  such  as  mineralogy 
and  geology,  botany  and  zoology^  which  are  chiefly  concerned 
with  the  outward  forms  and  appearance  of  matter,  and  the  exact 
physical  sciences,  such  as  chemistry  and  physics^  which  are  con- 
cerned with  the  internal  composition  of  matter  and  the  motions 
of  which  it  is  capable. 

Relationship  of  Physics  and  Chemistry, — It  is  obvious  that, 
while  the  range  of  phenomena  covered  by  physics  and  chemistry 
is  a  very  wide  one,  the  relation  of  the  two  branches  is  very  close, 
that  they  are  mutually  dependent  one  upon  the  other,  and  that  a 
clear  understanding  of  the  results  of  the  one  science  involves  at 
least  a  knowledge  of  the  generalizations  of  the  other  and  a  sum- 
mary of  its  results.  An  outline  of  those  branches  of  physics 
which  Dear  most  closely  upon  chemical  phenomena  should,  there- 
fore, precede  the  detailed  study  of  the  latter  science. 

2.  General  Definitions. 

Extension. — Matter  has  already  been  spoken  of  as  occupying 
space.     It  therefore  has  extension,  and  this  conception  of  it 
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UK-  oar  **■  iwi">   vatstB^  lEBntsaaEtar.    it-  zf^'  t**-  aid  of  sigiit  or 
or  mart  xndacsr   ir   r&i   «r   of  tir-  -aoiK^  of  hearing, 

Jjzmmus}  — 1:'  -rngT^*-  xiai;^  ezEesssacs:  v*:  miBi  ako  admit 
i&  nrrsDciin .  Tna:  aissi  iax3Br>  of  autcsr  anas:  ii»  can  be  di- 
Txasc  zcLf  <gnalfT  ??^^^n»^T;*^  or  TncimnffK  i^  i.  matesr  of  every-daj 
-rxTyTTTirt  Wr  ureas:  ^  ^'-wf^  or  vtect  of  tusk  intc-  fine  feig- 
iitriiH  TnssL  csr  r>»*»^  u::  umiulc.  t«  saL  luif  •  noirricr,  and  so 
tut  -snwimsi'jr  zsrrific  ocl  Tixerr  it  o:  cqdis:.  it  prarnral  Iraut 
Tx  tiifc  pfraTtv:  o:  nt:^  cenasnrssr  of  tit:  tooib  wtth  wiiidi  we 
wram  L'Boer  i  r*^  m  gj  al.  imrrascaK:  nt::  isDSSi  sobd  particles 
onraTTYtsc  rr-  ^rmdcnz.  cr  rai  ?rTTiff*»<r  inr.  of  nqniri ,  show*  piainhr 
tnt  posscnirn  o   2crnie~  amcrrsiai. 

MoiccMic:  amc  Attmn:.  — Tnt  ^smaltfy  pamrir^  of  matter  vhidi 
w*    car    cancen*t    o    it-  rjtsLanrft  trt  taif-  in?"itiintcal  or  physical 
-snndivjsinr  -prf   cal.  wuMieaus^      Ht*  iai^  these  motenih^  are, 
^ma:  tner  fsiant   t    zr  vna:  tner-  ansaim^  weigrht  is.  we  do  not 
icnrm       Wt   urerer    sii.-m    nia-   thr^    ^nl    sncnr  tht  fhstmrtwe 
pronemef-  "wmicr   neni^ttn  i«    tnt  -w^**"^  of  matter  with  which 
w^.  started  sjui  tna:  tnemor:  nni*?aca;  ormerhaniral  mean^  have 
no:  neei.  autt  tt    rtL    is-  inTtr.ini:  o:  tRr-  carapositiaii  o!  the  ma- 
teria. IT  anesnoT.      fa::  man^  o'  tnesfc  iorm:*  of  matter,  although 
nc:  canatih  of  Tesonmor.  mtt    anvihn^  diiteren:  Xfy  methods  of 
mecnanica  sundmsinr.  art- canatitt-orttecamposiliar  intc »  simpler 
ionn-  nndeT  ntt   xnthienc:   o-  chemica  Teacrents.      Wt-  assume, 
tnei.    tna:  mott-mie-  an   madt   xtr    o:  stil!  smaHer  particles,  to 
im;ci   tnt  namt  airm:,  na.-  nrrr  .pivfT.      Thesf  smallest  particies 
o:  matter  an  sunrif»sei  tt   m  imaiteratih. . 

Sxwipii  ajur  S/mjnfwvc  M£Cttn  — Tht  imior  of  Eke  atoms 
-pntir  u-  f;:rnpi:  cc  t'tpm<»nta'n  matter  o*'  which  chemists  have 
dstmrusntv  som:  s^vrnr  tind>  uTiih  tht  nnior  of  imlike 
atom-  c^v^r  ^s^  romnoumf  matter  tnt  vanetie-  of  which  are 
ahnc*?;:  endlc-s>. 

hutrsmirtihijity  c;  Ma^n  — I:  a>  f^atec  the  atam>  or  smallest 
ronn-nvint:  pomon-  o-  Tnarrr-  an  irnal  unaherai^  particles,  it 
io]iow>  tna:  mattr-  l^  mftffmirrimt  whate\'er  bt  tht  influences 
If  uhirr.  i:  ma^  h:  f%i;merTf\.  :1m  rh:  rhan£re>  of  tonn  which  it 
mn\  iinfterirf'  CoTnnoiin.  Tn;i:Tf  m.iv  indeed  bt  resolved 
int',  sminie:  rr»mnin.iTionr  .tn.  iiiTimateh  intc  eiementa!  matter, 
nndr-  :n:  mhntT.r:  i  rnrrrj-..^-.  trearmen;  hu:  tht-  sum  total 
o:  tht  producs>  st'  oritaine*..  mus:  ahrax^j;  eaual  tiiat  of  the  matter 
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operated  upon.  Cases  of  apparent  loss  or  destruction  of  matter 
are  all  explained  upon  careful  examination  of  the  reaction  in  its 
several  phases.  Changes  of  outward  form  take  place  under  the 
influence  of  physical  agencies  alone,  so  that  a  solid  or  liquid  may 
lose  in  weight  by  the  escape  of  a  gas  or  vapor,  and  changes  in 
the  method  of  combinations  of  the  atoms  may  take  place  under 
the  influence  of  chemical  reagents,  but  if  the  products  are  ex- 
amined it  will  be  found  that  no  new  atom  has  been  created  nor 
has  any  been  destroyed. 

Solid,  Liquid,  and  Gaseous  States, — Changes  in  the  appear- 
ance of  matter  do  not  necessarily  imply  a  change  in  the  compo- 
sition of  the  material  examined  or  in  its  essential  properties. 
The  change  may  be  merely  in  the  aggregation  of  the  molecules 
constituting  it.  We  recognize  three  states  of  aggregation  in 
matter, — the  solid,  the  liquid,  and  the  gaseous.  In  the  first  of 
these  the  molecules  are  held  firmly  together,  so  that  the  mass 
of  matter  tends  to  retain  its  shape,  and  the  exertion  of  some 
force  is  necessary  to  overcome  the  adhesion  of  the  molecules  and 
change  the  shape  ;  in  the  second,  the  molecules  move  easily  past 
each  other  and  the  liquid  readily  assumes  the  shape  of  the  con- 
taining vessel ;  in  the  third,  the  molecules  are  tending  to  sepa- 
rate, and  the  gas,  consequently,  is  tending  to  expand  in  volume, 
pressure  being  required  to  overcome  this  tendency. 

Physical  and  Chemical  Changes. — The  same  body  may,  under 
certain  physical  influences,  such  as  the  action  of  heat,  assume  one 
after  the  other  of  these  conditions  in  succession.  Thus,  a  piece 
of  ice  under  the  influence  of  heat  may  melt,  and  so  pass  into  the 
liquid  state,  when  it  is  known  as  water,  and  at  a  still  higher  tem- 
perature may  assume  the  gaseous  form  under  the  name  of  steam. 
It  remains  one  and  the  same  substance,  however,  through  these 
successive  changes.  The  withdrawal  of  the  heat,  or  the  action 
of  cooling  agents,  will  cause  the  vapor  to  condense  to  a  liquid, 
and  the  liquid  in  turn  to  become  a  solid,  which  when  examined 
proves  to  be  identical  in  properties,  physical  and  chemical,  with 
that  from  which  the  liquid  and  vapor  were  originally  formed. 
Such  a  change  is  obviously  a  temporary  one,  dependent  upon 
the  conditions  of  temperature  existing  at  the  time,  and  is  known 
as  w  physical  change,  as  it  does  not  affect  in  any  way  the  chemical 
composition  of  the  body  experimented  upon.  If,  however,  the 
water,  instead  of  being  simply  heated,  is  submitted  to  the  action 
kA  an  electric  current,  it  is  changed,  and  two  gases,  known  as 
hydroi;en  and  oxygen,  are  given  otf  and  can  be  collected.     Upon 
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ihc  wiihiira-*.il  ix  th-?  j'-rrer.:  :h<^<r  6-^  zvA  reunite  to  : 
orij^inal  li^ju: ;.  Tr.v  wii-.r  h-u?  i^rcr.  dro»:apos«i,  or  hs 
^ono  pc-miar.cr.:  ^icrrAi. .  r..  vh.:r.  >  ch^TACterlxed  as  a 

ll  i>  obv:..»u>  :h.i:  r.ly  ^hir^-i^  .-f  the  Litter  daas  a 
cnmp«»>iiior.  L»f  a  n:  !•.--.:.•. .  L  r.  ivr  thr  ir.duence  of 
forco  .iKnK-  :hc  r-.  '.-.  .-!•.-*  r.iv  i^-  *::vcn  «  vjoictv  of  i 
iIk"  iiKinik-'«l.i::  ■:>  :  •*:...:.  aZ-,  'kt.  ».".  :  .  u?  ur«drr  the 
ii.Miu>  orht.it.  ! -eh:  :::  i*:  ,•.:.*::■.  •.!.  .:r.:.:y.  t-::..  l-ul  the  i 
i»t  llu*  Mi«»k-^a*.L  >  >:..!  ;.  rv^.  r".  vi  \Vv  kr.  w  n«.>thin^ 
naliirc  oi'  iiK-  :::.i::-t  -•  ^rrv.:.-;  ■*!•;•.  :r.*.r  .:  In:  clcmei 
o)iii|K>uiul.  T ::>■..;•- -:.  ::  .^  -  '.\  .  :  ■  r.!y  uh^r.  the  mol 
l»n»kin  up  ai\k\  ::-   .   :>:.:-.:  ..:   :::-  .ir-.  r-.Mrrir*fc:cd  un 

I  lu-iiiiv\il  rr.iotu*!!. 

3.  General  Properties  of  Matter. 

/■/ \/t'N s t\*ft  1 7 »/ 1 /  */; :  :s ; r ; . ": ': ;    ::  ■. •.  ■    .1 '. r •  ■. : y  " -i:c r*  referrec 

ilrmoiistr.ititi  ti'  11--  i-y  t'::v  .li.i  :  ■  -r  ^^ -.-.-.  \\\-  are  led 
iiM-  oi  ilu-M-  SI  n^r-»  t.'  .I'-.T.i-v  !■  ■.^:!..  r-.  .::'•..  a::  I  thicki 
in.ilni.il   olMrvt-^,  .iii*!   il'.u-   ..rr.".  .     .:   :..        .-.--irv  f  r  uj 

m 

iiU'.isurrMU'Mt  \Mr  p.   u.  .      I:  :  .  .::  r-  :*.   :  ::.  .:   •.::  •  ■  vct  1 

rxtnnulv  iiiinut- .  m'  i;..i:   ;:    -   :•  :     .  :  r.'.v  Iv  ;hc 

pi^wcrtul  in.i>:nilyin)4  .ipjMnitu^  :   >    !   ; \,   .-a.  ^r..:.:  it- cxi: 

rvrii  as  a  siiivjK'  in«>'uvu!<.     ^vr  ;•.   14      v»  .   ::..>:  .    ". :-. ivc  c 

]K)SM'ssin)^  ilrfinilr  >!i.ipi-  i -r  i-r:v..  ..::  ;  ;.■      •   ■  \:  :>'.   ::. 

The  artu.il  >i/i-  of  ino\iir.i>  !■..■.-   :.  \   r   :  .     :  *:-:rniin 

nuMsiimnriit.  l»iu  phvsi*.'i^t>  l'..i\  i    ■.  :■.  :    .-,    r    :  t     :r.  -.k-.  .ip 

•     •  • 

lualf  L'siimatrs.  Aionrvlir.:;  t"  Sr  W  !.  .  .  1  .  :;.-  ..  • 
cniKX'ivf  a  sjjlun-  ni"  wall  r  vl  t!:..    -  .-.      f   .  ■     .   :  :r.  iv» 

to  llu*  sizr  nt"  liu'  lartli.  wwh  n>  !i  ■.:'.  "  •.  .^  ::.  ^  .  *'.  :  t 
same  (.xlciit.  tlur  ni.ij^niticvi  >tni-: ■.:::•  .\    v.'.  .r«   r  ^r 

than  a  licap  of  small  lead  shot.  I'li:  !— -  ^  .r--.  ^r..:.  !  i! 
hrap  of  cricket-halls." 

'I'll*-  tcMimonyof  our  senses  bear>  ;\i-t  .:-  -:r  :-.:  .<":      -~  t 
ptoprrty  of  (livisiliility.      Tlii^  i-i  illu-tr.iit   !  ".  .>•.     .   :        .-.  : 
ini(  to^ropif-,i]   olijrf.t-*.      S«iMU:  t if  tlir  r.i  -i  ::.*      :        :   : 
01 1:  luisin-;  that  h-ivr  heen  di^tisv^iii-h?   l  :.'  •.    r:         —  !     ■.      ■. 
tMtIv   «om|ih<at'd    strii' tnre  aivl    -I'.'.w  •:.:::    .*.      r^      ^   :' 
' .  itiiil  ,)i,,n  ,,(   foful.  th'    iilt;ni;it"  p  iit:  *■  -    ■:'  w'..         :  .    -: 
••    •"  U    .i!i  ill      'I'll'  v*ry  thill  nliii.-.  oi"  ui-..  t.-.l.  Ilk.  ^    .  i   .  .  1  > 
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that  may  be  deposited  on  glass  are  also  illustrations  of  the  divis- 
ibility of  matter.  They  show  distinctly  tlie  metallic  lustre  and 
color,  yet  are  so  thin  that  light  shines  readily  through  them. 

ImpfHetrabitity  is  also  an  essential  property  of  matter.  As 
matter  occupies  space,  we  believe  that  any  particular  space  can- 
not be  occupied  by  two  different  bodies  at  the  same  time.  Thus, 
if  a  solid  body,  like  a  bar  of  metal,  be  immersed  in  a  tumbler 
previously  filled  with  water,  it  will  cause  some  water  to  overflow. 
The  amount  so  displaced  will  exactly  equal  the  volume  of  the 
solid  immersed.  Numerous  apparent  exceptions  to  this  rule 
exist,  as  when  a  nail  is  driven  into  a  piece  of  wood,  or  water  is 
poured  into  a  tumbler  previously  filled  with  dry  sand,  or  a  piece 
of  dry  wood  is  dipped  into  water.  But  in  all  such  cases  we  must 
take  account  of  another  property  of  matter,  viz.,  porosity.  In 
the  use  of  this  term  we  mean  thai  the  molecules  of  a  substance 
are  never  in  actual  contact,  but  are  separated  by  spaces  relatively 
large  as  compared  with  the  size  of  the  molecules  themselves. 
These  spaces  are  called  pores,  and  their  existence  is  made  evi- 
dent when  pressure  is  applied  and  the  mass  is  diminished  in  bulk. 
This  diminution  in  the  space  occupied  under  increase  of  pressure 
shows  most  notably  with  gases,  which  are  therefore  termed  the 
most  compressible,  but  occurs  also  in  liquids  and  solids.  This 
is  explainable  only  by  the  assumption  of  the  porosity  of  matter. 
A  clear  Qlustration  of  this  is  had  when 
«re  mix  equal  volumes  of  alcohol  and 
water.  Insteadof  the  mixture  equalling 
the  sum  of  the  two  liquids,  it  is  only 
about  ninety-five  per  cent,  of  the  com- 
bined volume.  The  structure  of  some 
solids  is  such  that  open  spaces,  termed 
senile  pores,  show  in  their  mass, 
as  in  the  case  of  most  woods,  sponges, 
ungbzed  brick,  hlier-paper,  etc 

Porosity  is  well  illustrated  by  the 
tumbler  filled  with  shot,  shown  in  Fig. 
I.  It  is  obviously  possible,  after  filling 
the  tumbler  with  the  shot,  to  add  quite 
an  amount  of  a  liquid  which  shall  fill 
up  the  spaces  between  the  shot  without 
overflowing  the  tumbler. 

Connected  with  and  dependent  upon  the  porosity  of  bodies  Is 

^  property  of  eompreaibility.     As  before  stated,  gases  are  the 
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tofM^Ji  compressible  of  bodies.     In  them  the 
widely  M.-}NinUc.'d  than  in  Uquids  or  solids,  and  wan 
Mrpar^e  still  more  widely  ;  but  for  this  very  nsMOo  tl 
mr^e  readily  to  the  influence  of  pressure  and  cui  be  i 
into  smaller  iifKicc.     As  we  will  see  later,  temperatuw 
l^reMure  has  much  to  do  with  thb  change  of  volume. 
The  comprc:isiibility  of  liquids  is  but  slight,  but^ 
r«/yt':'l  in  the  CdMi  of  the  mixture  of  alcohol  and  wata 
^rio-an  to  exi-it.     Solids,  on  the  other  hand,  may  be 
pr<'t^..r/«-,  ih'.'  chan^i^e  in  this  case  depending,  hoiwcv 
u]^tu  vtj:  «-xi*»tc'ne-e  of  sensible  |N»res.  as  in  the  caai 
/.m:.,  ;m{^t,  f.tc,  which  readily  yield  to  pressure.     ] 
Mniff  '/#rri{#r«.-^<»irile,  as  is  shown  in  the  process  of  staiBj 

/'Jaittnty  i-»  the  pni|M.Tty  by  virtue  of  which  bodies  v 
li-  '>'r^'or.«-  '.oiiipp-ision  tend  to  resume  their  or^fini 
v'/.>i:ri«-  \i\f»tu  th«'  p.-moval  of  the  compressing  force.     It 
j^'H--  J.Mfi'i  If  I  fi  ifi'l  with  the  property  of  compressibility 
vkfi;'  rj  ,ir'-  tli*-  m-i-t  «:oinpresMl>le  of  the  several  forms  C 
ap-  .il-'i  th*-  III* /-I  •l.i^ti'-.     LiquiiU  in  the  dejjree  that 
^'irri;#r«-*-i*r/!'-   ii:;'l»  r   ;ip-s«»iire  are  al^)   perfectly  elastic 
*.!.'. A  til'-  ifpi:i'  rtv  *A  i\i<u\\\'  in  varvinj^  (Uvr^es.     In 
•  x;-t'*j'  '■  'i!    -'ii^iM'-  }/«»p-^  alliiw>  a  IxkIv  to  .show  a  h^ 
ol  ' '/iiiiip— ;:>i!;Ty  Aithout  a  rfirn*spon<linjj  elasticity,  a 
Vili'U  whi'h   tl'   '-Ii-li':  al't^-r  iiVHlmir  compression  she 
ot  «:i.i-tiMlv.  .iii'l  *aIi'  :>  llii-  i^  p.»sM;«l  il<i  not  readily  resi) 
on;;iiMi  lorm  '»r  volmn'-. 

Mohihty  and  imrtm,  ulilrh  ap-  jL:«n<  ral  ppifjenies  G 
<\i-\}iz\v\r\\\,  ujioM  molioii,  will  li*-  p-t* tp-jI  to  lattr  (p.  2o)* 

4.  Volume  and  Mass. 

Volum*.  A-.  Irlor*-  -til'M,  our  mo-t  « !•  in«-iit.iry  coi 
ol  matt'-r  i^  that  it  <»•  <  ii|>i«-^  ^pi-  •  .  Ih*-  .tiit»M:;i  '.1  >j>acc 
i>ii"»  is  imiK-fl  it- volinii'-.  \V<-  <  in  «  "ii- •  :'••  "i  ii>  ixtt 
on<:  direction  only,  wlii(  h  wr  fili  '-jm*'  '■!  «»::.•  .IjnK-n 
length;  of  rxtensifiii  in  twt)  dirf*  t:<*:;-.  wii:.  ii  w.  1  all  ! 
two  tiim«'nsioii-i.  i»rap-.i;  ot"  cxt^n-i'i:!  ::.  lij:'' •  'i.r».-:iion: 
\v(-  call  >|).i(  <•  of  tliP-'-  dinirnsion.-.  «»r  \'tlum«-. 

J//7>r  NKMiis  fjiMnlity.  an«l  a»*  n).itt«r  'Hinii.--  <;M«t* 
have  a 'l'"tinit<r  <|ii.intity  or  mas'*.      'I  i.;^  1:1  iv  "  •    .1  1 

smaller  volume,  ariroplin;^  a^  il-  mol.-.  ul--  -iii    :..  -r  1« 

rated  from  each  other,  or  a(  ordiii^;  to  \vii.ir  i-  i-  :  :.•   :  :j- 
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Mass,  tlierefore,  represents  the  product  of  the  volume  by  the 
density,  or,  ;is  it  is  expressed,  M  ^=  V  X  D. 

Unit  of  Length. — The  English  unit,  still  in  common  use,  is 
the  tout,  with  its  subdivision,  the  inch,  and  its  multiple,  the  yard ; 
the  French  unit,  used  universally  in  scientific  calculations,  is  the 
meter,  with  its  decimal  subdivisions,  the  decimeter,  centimeter, 
and  millimeter. 

Unit  of  Area. — The  English  units  are  the  square  inch,  the 
square  foot,  and  the  squari:  yard  ;  the  French  units,  the  square 
meter,  the  square  decimeter,  and  the  square  centimeter. 

Unit  of  Volume. — The  Engli.sh  units,  the  cubic  inch  and  th^' 
cubic  foot,  are  not  in  general  use.  Various  units  are  used,  as 
the  pint,  quart,  and  gallon  for  liquids,  and  the  peck  and  bushel 
for  solids.  The  French  units  are  the  cubic  decimeter,  or  the  liter, 
and  the  cubic  centimeter. 

Unit  of  Mass. — The  English  unit  is  the  pound  avoirdupois, 
which  lx:ars  no  simple  relation  to  the  units  of  volume  ;  in  the 
French  system  the  unit  is  the  mass  of  a  cubic  centimeter  of  dis- 
tilled water  at  the  temperature  of  its  maximum  density  (4°  C). 
This  is  the  gramme,  and  its  multiples  and  submultiples  are  all 
decimal. 

It  is  obvious  that  the  French  or  metric  units  are  simpler  and 
more  easily  connected  with  each  other  than  the  English  units  still 
in  common  use.  It  is  to  bo  hoped  that  the  metric  system  will, 
at  an  early  day,  1)c  adopted  in  England  and  the  United  States, 
as  it  lias  been  accejited  elsewhere  throughout  the  world,  and 
especially  in  all  scientific  usage.  Tables  of  the  metric  system  and 
of  English  weights  and  measures  will  be  found  in  the  Appendix. 

5.  Motion  and  Force. 

In  our  statement  of  the  general  properties  of  matter,  extension 
and  impenetrability  were  defined.  Both  of  these  conceptions 
im[)Iy  a  fixed  position  as  assignnble  at  any  time  to  the  mass  or 
molecule  uf  matter  under  consitleralion.  If  this  position  remain 
constant  tlirough  a  jieriod  of  time,  we  speak  of  the  body  as  at 
rest ;  if  it  is  changing,  the  body  is  said  to  be  in  motion.  We 
must  remember  that  these  statements  are  not  to  be  taken  ;is  abso- 
lute. The  body  is  at  rest  with  reference  to  its  original  position, 
or  in  motion  with  reference  to  the  same,  while  both  the  body  and 
the  original  fixed  point  may  be  in  motion  with  reference  to  some 
other  dlBfclpuiiit.  Motion  and  rest  mg  therefore  purely  rela- 
tive t 


k      uv 


btetHm,  wbicb  b  ooe  of  tbe  fiuduucaul  propcnies  < 
nKana  that  nutter  itadf  b  not  n|i4Ue  of  chiU))(ing^  t~ 
which  may  have  been  imputed  td  it.  riilutf  as  to  ( 
velocity,  and  that,  except  far  other  influrncn.  this  moi 
continue  indefinitdy.     At  the  nine  time,  brcnusc  of  tl 
matter  cannot  b^n  to  move  until  it  mponds  to  the  < 
Kime  force.     M66iiify  is  the  propcny  in  vinuc  of  whic 
yields  readily  to  the  exertion  of  some  force,  causng  it 
its  relative  position,  or  inducing  motkin. 

The  velocity  of  a  particle  of  mattiT  ii  the  rale  of  Els  n 
any  given  time. 

Force  is  that  which  by  acting  upitn  m.ittrr  either  p 
arrests  motion.  It  is  a  niantf»Uii»n  dI'  energy,  and  f 
originated  in  a  variety  of  ways.  I'tius.  we  !.peak  of  c| 
forces,  which  are  manifestations  of  atomic  eneigy ;  of  mi 
forces,  which  result  from  molecular  energy ;  and  -"— ^ 
which  illustrate  the  energy  of  large  masses. 

Work  is  energy  applied  in  overcoming  resistance,  w  * 
man  lifts  some  article  from  the  ground,  where  the  attnu 
gravitation  is  to  be  overcome,  or  when  an  engine  puOi  i 
overcoming  the  rcsLstance  due  to  inertia  and  friction. 

The  unit  of  work  is  the  work  done  in  raising  a  unit  of  \ 
through  A  unit  of  height.  Ah  we  have  already  seen,  the 
of  wfight  and  measure  (lifTer  in  the  English  and  the  Frenc 
terns,  hence  different  units  must  be  taken  according  as  one 
rithir  sysiiTm  is  us«l.  The  foot-pound,  or  the  woric  do 
RiisiriK  lint-  [xiund  HV')irilu|>ois  one  foot,  is  the  English  unil 
the  kilogram-meter,  or  work  done  in  rinsing  one  kilc^rail 
mirtiT,  ii  iIr-  Kri.iich  unit.  Fur  work  with  engines,  a  1 
unit,  the  horsi-povrr,  is  t;tk*-n.  This  is  equivalent  to  J 
liMit-jX'un'ls  \>':\  niiniiti-.  In  (letcnnining  the  iimount  of 
of  ;in  cnjjin'-  in  t'rniis  of  horsi-jHiwcr,  we  miilti|)ly  the  weig 
|Hnimls  by  the  Juiijlit  in  feet  t'>  whiih  it  c;in  tx-  raised,  divii 
the  iiuinlx-r  of  minutis  ;ind  by  ^.^.fjfKj. 

Knergy  is  ciijjdi  ily  for  doinj;  work.  It  is  iJi)sses.scil  hy  m 
in  virtue  of  its  n);ivi  ;imi  velocity,  und  its  ivxi-rcise  involves  mi 
of  some  kind.  Thus  we  hnvt  the  en<rj;y  of  visible  inotio 
the  mass  and  the  energy  of  the  invisildc  motion  "rtlR-  molec 
which  is  known  to  us  under  the  forms  of  he;it,  mrulL  r;i. 
energy,  or  light,  and  electricity. 

Enei^y  may  be  (lotcntiid  or  iictual.  A  weight  held  uji  b; 
hand,  or  by  a  support,  has  the  [tower,  lHf:;msc  of  iis  j,.i^itio 
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fall,  and  thus  do  work,  if  the  support  be  withdrawn.  This  a 
potential  energy,  or  energy  of  position.  Numerous  applications 
of  this  sugg'est  themselves,  as  the  case  of  a  wound-up  spring,  or 
an  elevated  tank  or  reservoir  of  water.  The  same  weight  de- 
scending in  consequence  of  the  withdrawal  of  the  support,  the 
spring  uncoiling,  and  the  water  acting  upon  a  turbine  wheel,  all 
represent  actual  energy,  or  the  energy  of  motion. 

Exact  measurements  have  shown  us  in  the  cases  of  the  weight, 
spring,  etc. ,  that  the  actual  energy  developed  exactly  equals  the 
potential  energy  that  may  have  been  stored  up,  and  no  loss  or 
gain  is  found  when  all  the  elements  have  been  carefully  calcu- 
lated. This  principle  may,  however,  be  extended  not  only  to  all 
cases  of  visible  energy  of  motion,  but  to  energy  wherever  and 
however  manifested.  As  matter  ts  indestructible,  and  can  be 
neither  created  nor  destroyed  by  the  changes  to  which  it  is  sub- 
jected, so  energy  is  indestructible,  and  cannot  be  created  or 
destroyed.  Energy  of  one  form  may  be  changed  into  energy  of 
another  form,  but  there  is  no  absolute  gain  or  loss  in  amount 
This  law  is  known  as  the  coriservalion  of  energy. 

This  change  of  one  form  of  enei^  into  another  without  loss 
of  actual  amount  is  one  of  the  most  important  facts  in  nature, 
and  one  most  familiar  to  us.  If  we  rub  the  fingers  briskly  over 
a  surface  of  cloth  or  wood,  we  feel  a  sensation  of  warmth.  The 
visible  motion  of  the  hand,  due  to  muscular  energy,  is  trans- 
formed into  that  form  of  molecular  energy  known  as  heat.  In 
the  steam  engine  we  convert  the  potential  energy  of  the  coal,  by 
combustion,  into  actual  heat  enei^,  and  in  turn  impart  visible 
energy  of  motion  to  the  piston  and  connected  parts  of  machinery. 
This  motion,  by  the  aid  of  a  dynamo  machine,  may  be  converted 
into  electrical  energy,  and  this  in  turn  into  either  heat  or  light 
energy.  This  illustrates  what  is  termed  the  conservation  and 
correlation  of  forces,  or,  more  exactly,  of  energy. 

6.  Portns  of  Attraction. 

Gravitation. — Every  particle  of  matter  is  attracted  by  every 
other  particle.  This  is  due  to  a  form  of  energy  which  is  universal 
in  its  action  and  operates  alike  on  the  largest  and  the  smallest 
bndics.  It  is  known  as  universal  gravitation.  The  most  familiar 
illustration  is  the  attniction  of  the  earth  for  bodies  upon  its  sur- 
.'.  Upon  this  is  dependent  what  is  called 
arth  pulls  upon  every  particle  of  the  bodies  upon 
le  of  its  superior  mass  tends  to  draw  them 
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towards  its  centre.     This  force  is  exerted  along  a 
which,  therefore,  marks  the  shortest  path  towards  the 
centre  and  is  called  a  plumb-line. 

The  weight  of  a  body  is  proportioned  to  its  nuua,  beca 
attraction  of  the  earth  acts  upon  each  particle  which  goes  t 
the  mass.  This  mutual  attraction  diminishes  as  the  bodiei 
from  each  other,  but  as  the  distance  from  the  centre  of  tfa 
to  its  surface  (4000  miles)  is  so  great,  compared  with  the 
of  the  body  above  the  surface,  the  diminution  in  the  we 
the  body  at  different  heights  b  slight.  We  express  thi 
change  in  the  force  of  attraction  of  the  earth,  or  we^ 
saying  that  the  attraction  varies  inversely  as  the  square 
distance. 

The  unit  of  weight  is  the  same  as  the  unit  of  mass,-— one 
avoirdupois  in  the  English  system,  and  one  gramme  in  the  1 
or  metric  system. 

The  centre  of  gravity  of  a  body  is  the  fioint  through 
the  line  nuirking  the  direction  of  mutual  attraction  betwe 
particles  of  the  body  and  the  earth  passes.  In  a  sphere  c 
form  density  this  centre  of  gravity  would  exactly  accorc 
the  centre  of  the  mass.  In  bodies  of  irregular  shape  or  d 
it  does  not  so  agree. 

Equilibrium, — When  a  body  is  suf>ix)rted  and  yet  fi 
swing  before  coming  to  rest,  it  will  be  in  equilibrium  wh< 
centre  of  gravity  is  in  the  same  vertical  line  as  the  point  of 
port.  But  to  insure  stability  the  centre  of  gnivity  must  al 
under  the  point  of  support  and  not  alK>ve  it.  According  1 
relative  position  of  these  two  [)oints  we  have  the  three  cond: 
of  equilibrium, — stable,  unstable,  and  neutral,  A  suspe 
bcxly  is  in  stable  equilibrium,  thereft>re,  when  the  centr 
gravity  is  below  the  point  of  supjxjrt,  in  neutral  etiuilibrium  ^ 
they  coincide,  and  in  unstable  equilibriiiin  when  the  centi 
gravity  is  above  the  point  of  support. 

Fig.  2  shows  us  three  cones  which  also  illustrate  the  ( 
conditions  respectively.  A  is  in  stable  ecjuilibriuin,  the  centi 
gravity  being  in  a  straight  line  Ixlow  the  rentre  of  fit^nire  ; 
in  unstiible  equilibrium,  as  the  centre  of  gravity  is  aimvc  l)Oth 
centres  of  figure  ami  support  :  c  is  in  neutral  e<jiiilil)rium, 
new  line  between  the  centre  of  gravity  and  j joint  ol  >upj)o 
established  whenever  it  is  moved. 

The  chemical  balance  is  an  important  application  ui"  the  f 
going  principles.     As  shown  in  the  illustration.  Fii;.  3,  it  con; 
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of  a  beam  supported  in  the  centre  so  as  to  oscillate  with  the 
slightest  amount  of  friction.      To  the  ends  of  the  beam  are 


attached  supports  for  the  pans,  on  which  the  weights  and  arti- 
cles to  be  weiglied  are  placed.     By  means  of  a  screw  adjustment 


the  centre  of  gravity  of  the  beam  can  be  raised  or  lowered  slightly. 
The  conditions  for  tlclicate  working  of  a  balance  are  as  follows  : 

First,  the  arms  of  the  biilunce  should  be  relatively  long. 

Second,  the  weight  of  the  beam  should  be  as  small  as  is  allow- 
able, while  preserving  its  rigidity. 

Third,  the  centri.-  of  gravity  should  be  a  little  below  the  point 
of  siipjHirt. 

AfokiH/ar  Allracfion  and  RipuhwH. — Just  as  the  masses  of 
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muter,  whether  large  or  small,  are  influenced  by  the  po« 
gravitation,  so  the  molecules  which  make  up  the  mass  art 
together  with  greater  or  less  firmness  by  the  force  of  mok 
attraction.  The  intensitj-  of  this  force  determines  also  the  | 
cal  state  of  the  matter  concerned.  In  solids  the  power  of  d 
ular  attraction  is  most  strongly  exerted,  in  liquids  it  is  w^ 
and  in  g^ses  it  seems  to  be  overcome  by  a  force  of  rep 
which  tends  to  separate  the  molecules. 

We  distinguish  in  ordinary  usage  between  the  terms  cat 
where  molecules  of  like  composition  are  held  together,  i 
particles  of  iron  in  a  bar  of  that  metal,  and  adhfsiott,  \ 
bodies  of  unlike  composition  are  held  together,  as  when  a 
rod  is  dipped  into  water,  the  force  of  adhesion  causes  tha 
to  adhere  to  the  solid.  \ 

Chemical  Allraetion. — The  attraction  between  atoms  | 
causes  them  to  unite  in  the  formation  of  molecules  is  oth 
known  as  chemical  affiui^,  and  will  be  relerred  to  later. 


CHAPTER    11. 

SPECIAL  PROPERTIES  OP  MATTER. 

A.    Special  Properties  of  Solids. 

It  is  obvious  from  the  definition  of  solids  as  contrasted  with 
liquids  and  gases  (see  p.  15)  that  they  must  have  properties  which 
are  distinctive,  and  are  not  shared  in  any  notable  degree  by  the 
other  forms  of  matter. 

Hardness  is  the  resistance  to  wearing  by  friction,  such  as 
scratching  or  rubbing,  shown  by  a  solid.  It  is  possessed  in  the 
highest  degree  by  the  diamond,  which  is,  therefore,  capable  of 
scratching  any  other  solid.*  Hard  bodies  are  often  used  as  pol- 
ishing powders,  as  diamond  dust,  emery,  pumice,  and  tripoli. 
Great  hardness  may  be  imparted  to  steel  and  other  bodies  by  a 
process  called  tempering,  that  is,  cooling  them  suddenly  from  a 
high  temperature.  Under  these  circumstances,  however,  they 
usually  become  more  brittle. 

Brittleyiess  is  inability  to  withstand  compression  or  a  blow,  and 
indicates  a  want  of  tenacity  or  cohesive  power  between  the  parti- 
cles of  the  solid.  It  may  accompany  great  hardness,  as  in  the 
diamond  and  glass. 

Tenacity  is  the  resistance  to  a  tearing  or  pulling  strain  exerted 
upon  solids.  It  may  vary  in  different  directions  in  the  same 
body,  as  in  the  case  of  wood,  where  it  is  greater  in  the  direction 
of  the  fibres  than  transversely  to  them.  Closely  connected  with 
this  arc  two  properties  chiefly  shown  in  metals,  viz.,  ductility 
anci  malleability. 

Ductility  is  the  capability  of  being  drawn  out  into  wires  or 
threads,  and  is  possessed  especially  by  certain  metals,  like  gold, 
platinum,  iron,  and  copper.  Glass  and  waxes  when  hot  can  also 
be  drawn  out  into  fine  threads. 


'  The  hardness  of  a  body  is  expressed  by  referring  it  to  a  scale  of  hardness; 
that  usually  adopted  is,    - 

1.  Talc.  5.  Apatite.  8.  Topaz. 

2.  Rock-salt.  6.  Felspar.  9.  Corundum. 

3.  Calc-spar.  7.  Quartz.  10.  Diamond. 

4.  Fluor-spar. 
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4/ft//t*f/f//f/y  14  iJm'  \frf/]H'ny  in  virtue  of  which  bodies  are  flat- 
l*j*» '1  ntl»i  iUUi  *9Im''Is>  or  (ilfiiH  under  the  influence  of  hammering 
ni  »HHlf»|/      h  iei  jiot»:M'i»«»rd  cHpeciiilly  by  metals,  such  as  gold 

hhkthUs'  lti»«»  uli^niily  Im'imi  Mjjokcn  of  as  a  general  property  of 
hmM»i  («*»•  |i    1^0  itluurd  by  Holids,  liquids,  and  gases,  althoij^ 
IM  Mi»»nMi»l  ilmii'i'n.     'V\\v  cluHticity  there  referred  to  was,  how- 
»  u  I    lh»  \W\\\\  11 V  nl  rninpiVNsion,  and  was  regarded  as  the  com- 
pl»MhMl  \\\  \\w  )i\\\\\^\\  pn»porty  of  compressibility.     Elasticity 
\\\  \\s\\\\ss\y  \^\  \\\^\\  drvrlop^M  by  a  stretching  force,  elasticity  of 
^»\»'^oh^  »^^  \\\ks\  \\\\\\\\\s\\\  by  a  twisting  force,  and  elasticity  of 
\\^  \\\\> .  ^^»  \\\M  \\\\v\\\\>\\\  bv  A  landing iorce or  weight,  are  other 
^v1s\'>  •.  ^M  vV^Mu^^N    ^ss'xOutlv  Monjjing  to  solids.     A  ^miiliar 

N^^^s)>^'\^^^N^N  x^l  hUv  ^  l^xtu  »t\  xNl'  ^\^^siv^n  is  the  tctf^n  balance  now 
\X'.>>^ .  \x>  is^»\v\\  ^«>  )m,uHnv.  Aivi  tV  the  eiJistkity  ot  flexure,  steel 

'qx^M^v'^    ^^  ^M  \\  M\  Vv  x\«*x\;^>^  3i^>rl;'y:"S..  etc 

V  •*.-•*       ,.    X^V'n        V  ^vv:  :s  vi:?ci:sj:u2ji>ed  ffcca  a  liquid 


kks    t 


*X*  '.-•X  >Xl  '■«.. 
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sion  exists  between  the  mercury  and  the  glass.  The  water  is 
drawn  upward  around  the  rod  because  its  adhesion  to  the  glass 
distinctly  exceeds  the  cohesion  of  the  liquid ;  the  mercury  ad- 
heres to  glass  much  less  strongly  than  it  coheres,  and  hence  it 
curves  away  from  the  rod.  These  attractions  and  repulsions 
have  an  interesting  illustration  in  the  phenomena  known  as 
capillary,  observed  when  tubes  of  relatively  fine  diameter  are 
dipped  into  liquids.  If  a  glass  tube  be  dipped  into  a  liquid 
which  wets  it  (or  adheres),  as  in  the  case  of  water,  the  liquid  will 
rise  in  the  tube  to  a  higher  level  than  the  surrounding  surface, 
and  the  height  is  the  greater  the  smaller  the  diameter.  If,  on 
the  other  hand,  the  tube  be  dipped  into  a  liquid  which  does  not 

Fig.  4. 


wet  it  (or  adhere),  as  in  the  case  of  mercury,  the  liquid  will  be 
depressed  in  the  tube  below  the  surrounding  surface,  and  the 
smiilltr  the  diameter  of  the  tube  the  greater  the  depression. 
These  phenomena  of  rods  and  tubes  are  illustrated  in  Fig.  4. 
Many  natunil  phenomena,  such  as  the  rise  of  moisture  in  rootlets 
and  stems  of  ])lants,  the  rise  of  oil  in  a  lamp-wick,  the  absorjjtion 
of  water  by  filter  pa]>er  or  sponges,  are  to  be  considered  as 
illustrations  of  the  ]>rindplo  of  capillarity. 

Diffusion  of  Liquids. — Closely  connected  with  capillary  phe- 
nomena are  those  of  diffusion.  If  two  liquids  of  different  densi- 
ties, but  capable  of  admixture,  be  placed  one  above  the  other  in 
the  same  vessel,  thoy  will  begin  to  mix  or  diffuse  through  each 
other.  e\-en  if  the  upper  liquid  be  of  less  density  than  the  lower. 
This  will  also  take  place  though  they  be  separated  by  porous 
partitions  (tf  various  materials.  But  it  is  found  that  the  rate  of 
diffusion  differs  greatly  for  different  substances.  Many  solids 
when  in  solution  will  diffuse  rapidly,  while  others  will  diffuse 
with  gmfc  slowness.     The  former  class  will  be  found  to  include 


th  |g||fc  slownf 
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most  crystallizable  solids,  like  salt,  sugar,  magncaiiiin  sol 
etc,  while  the  latter  class  includes  uncryslalliiable  or  ama 
substances,  like  starch,  gums,  gelatin,  or  glue.  To  the  . 
dass  the  term  crystailoids  has  been  given,  and  to  the  lati 
term  colloids  (from  the  Greek  word  for  glue). 

Graham  founded  upon  this  property  of  unequal  difiis 
the  process  of  dialysis.  A  sheet  of  bladder  or  pardmient 
is  stretched  tightly  over  the  lower  end  of  an  open  qrlin 
inverted  glass  funnel  The  mixture  of  liquids  to  be  mep 
by  dialysis  is  poured  in  above,  and  the  dialyser  suppoita 
the  lower  end  immersed  in  pure  water  contained  in  a  laigcf 
vessel.  The  cr)'stalloid  substances  will  diffuse  through  the 
brane,  and  be  found  in  solution  in  the  outer  vessel,  whi 
colloids  will  remain  in  the  inner  vessel,. or  dialyser.  The  d 
has  thus  separated  the  cr>'stalline  arsenous  acid  from  the  c 
foixl  material  with  which  it  may  have  been  mixed  in  thestoi 
and  obtained  it  in  a  pure  state  for  verification  in  cases  o 
pected  poisoning. 

2.  Pressure  of  Liquids. 

Liquids  are  but  slightly  compressible,  and  with  the  res 
of  the  force  causing  pressure  recover  immediately  their  ori 
volume.  F(jr  this  reason  and  because  of  the  ease  with  i 
their  molecules  are  free  to  move,  they  readily  transmit  pre 
throuj^hout  their  entire  niiLss.  This  pressure  is  transm 
throu)^hout  the  litiuid  equally  in  all  directions,  whether  it  is 
in  which  the  force  is  aj)plied  or  at  an  anjj^le  to  it. 

This  is  illustrated  in  the  case  of  the  sjjrinkling  nozzle  of  a 
den  hose.  <»r  similar  aj)paratus,  where  the  water  is  seen  to  i 
with  ecjual  force  from  all  the  apertures.      Of  course,  if  the  pres 
in  the  one  case  is  exerteil  over  a  larj^er  area  of  surface  thai 
the  «>ther.  a  (litiereiU  total  force  is  felt  in   consequence.     I 
we  niiK  multiply  the  intensity  of  the  pressure  per  unit  of 
Ijlck:  by  the  area  of  surface  to  j^et  the  total  forct*  extrte<l.     Ht 
a  pressure  oi  rive  pounds  per  stjuare  inch  exerted  over  a  sur 
of  sxleen  stjuare  inches  would  be  felt  as  a  procure  of  eig 
fxmnds  upon  th.it  surtace. 

An  important  application  of  this  princi|)le  of  tr.in^mission 
pressure,  and  exertion  of  the  same  over  a  larv^rr  >iirri«'«-  tiian  t 
where  it  was  applievl.  is  found  in  the  hyc Irani ii*  pp  >-.     This, 
shown  in  Fiv;.  5.  cvui^i^ts  ^^^X  a  small  forc«--})uni|).  in  whi.  h  wo 
a  solid  pistt»n,  p.     When  this  pi>ton  is  ii«  J»n■'^^e<l  by  w.:  ms  0 
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lever  the  valve  o  in  the  bottom  of  the  cylinder  is  closed  and  the 
water  is  forced  over  through  the  connecting  tube,  K,  into  the 
larger  cylinder,  B.  Here  the  pressure  of  the  water  upon  the 
piston  is  exerted  over  an  area  perhaps'  a  hundred  times  greater 


F10.5. 


than  that  of  the  pi.ston  of  the  small  pump,  and  hence  the  pressure 

is  multiplied  a  hundred-fold.  It  must  be  remembered,  however, 
that  in  our  definition  of  energy  and  statement  of  the  law  of  the 
conservation  of  energy  (see  p.  21)  we  said  that  energy  could 
not  be  created  any  more  than  it  could  be  destroyed.  So  in  the 
hydraulic  press,  the  energy  developed  in  the  larger  cylinder  is 
only  seemingly  greater  than  that  exerted  in  the  smaller  cylinder. 
Though  the  pressure  on  the  larger  piston  is  one  hundred  times 
that  applied  to  the  smaller  piston  the  former  moves  through  -j^ 
of  a  foot  while  the  latter  moves  through  one  foot.  The  hy- 
draulic press  is  of  great  value  in  compressing  cotton,  hay,  and 
other  loose  but  bulky  material,  and  in  lifting  heavy  weights  or 
moving  machinery. 

In  considering  the  pressure  exerted  throughout  the  body  of  a 
liquid  we  hai'c  so  far  disregarded  the  weight  of  the  liquid  itself 
It  is  obvious  that  the  weight  of  the  upper  layers  of  the  liquid 
bears  upon  the  layers  immediately  under  them,  and  that  the 
bottom  layer  therefore  supports  considerable  weight.  But  be- 
cause of  tlie  perfect  mobility  of  the  liquid  molecules  and  the 
equal  transmission  of  pressure  in  all  directions,  this  pressure  will 
be  felt  equally  in  all  parts  of  the  same  horizontal  layer,  on  the 
sides  of  the  containing  vessel,  as  well  as  upward  and  downward 
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F1C.& 


fmni  thiit  lc\-e1.  When  the  depth  from  the  sufftce  at  4 
is  twice  as  groat,  the  intensity  of  the  presuure  will  be  twice  ■ 
and  so  for  difierent  deptha. 

This  pressure  is  entir^ 
pendent  of  the  shape  of  tin 
containing  the  liquid.  The  d 
may  be  lai^e  or  small  withou 
ing  the  preraure,  and  in  U 
arises  the  seeming  contn 
oftvn  calk-d  the  hyimtmtigp^ 
A  small  txxly  of  water  may  c 
great  a  pressure  upon  the  1 
of  the  containing  vessd  •■  a 
lar^iT  body  of  water,  if  the 
of  the  liiiuid  is  the  same  in  t 
cases.  This  is  true,  althou| 
two  IxKlics  of  liquid  may  wei 
crently  because  of  the  differs 
amount. 

That  tile  pressure  in  any  h< 
til  layer  ofa  liijuid  is  exerted  « 
upward  as  wt^'ll  as  downward  oi 
!  iscaiKiblcof  asimple  dcmonstl 
laki'  a  ),'lass  ivIiniUT,  open  at  both  ea 
[■y  with  one  ciid  j,'ri>und  perfectly  flat  wi 
anil,  clusinji;  one  end  with  an  acniratcly  fitting  fjlass  or  metal 
lower  it  into  a  vissi-l  tilled  with  water,  we  find  that  the  p] 
held  in  jio'ition  by  the  upward  pri-.-un-.  Water  may  th 
|«iured  into  the  ^;la^s  cyliiKkr  until  tlie  Ic'vel  inside  nearly  or 
e(]uals  tin- level  (Hil-iide.  when,  the  iipw.ml  prisMire  having 
till-  j.late  will  dn.i>  nir.  In-rause  of  its  weig 


ally  is  an  important  fict,  a 
If.'as  in  l-lH-  6.  w,.  take  li 
ArK'andiam].rhiT., 


/\-/iiilih-iiiiii  of  IJijiiiilx.-   A-i  evi  rv  moleiaile 

ill  the  IxKij 

iquiit    is  ixvr  In  mnv.-,   it  is    ol.vion-   I'liat  tlii:  H  .r. 

■'■  iif  ^,'ravit; 

ct  upini  all   |>an-  of  the  liijnid  i-(|uallv.  am!  the 

li'lllid  will  ' 

1)  re^t  onlv  when  eai-h  jiart  of  thr-  !i.|iii'l  i>  in  a  | 

....itionof  s 

qiiilihriinn.      "l-hi;,    i^    altatiu.i    when    the    MirCi. 

.--  .if  the  1 

-Mluies  a  piMJliini  a1  Hylil  anj-le,  ■•>  the  ]i.q,'n' 

li.-iil.ir  ..r  lii 

I'hieh   the  r-.n-eof  L;ra\ity   is  felt.      \\<-  '.x\\   tli. 

■  p..-iiion  « 

iinietl  a  hnri/Mni.il  lin.'.  and  ih'-  siirfi..-  .>f  ;i  1ic|iii< 

.ir,-.-tnres, 

..  Ihisfiircv  th.'ivinr.   will  aiwav--  l.e  h..n/..ni.il 

,  riM  matter- 

he  sliajie  of  tlie  .-..Titainitii;  vi--'.I.      Tin    Lv  I  i.i 

^■Mral  coir 

SPECIAL   PROPERTIES  OF   LIQUIDS.  31 

of  pressure  soon  establishes  itself  throughout  the  entire  body 
of  liquid,  and  the  several  surfaces  come  to  rest  in  the  same  hori- 
zontal i)lane. 

Just  as  the  plumb-line  is  a  practical  device  for  quickly  and 
easily  determining  the  perpendicular  line,  so  we  have  in  the 
spirit-level  a  ready  means  of  determining  whether  a  surface  is 
pi*rfectly  horizontal.  It  consists  of  a  glass  tube  nearly  filled  with 
alcohol,  a  bubble  of  air  only  remaining.  When  this  tube  is 
mounted  in  a  wooden  or  metal  case,  and  the  latter  placed  upon 
a  horizontal  surface,  the  air-bubble  shows  exactly  in  the  middle 
of  the  upper  surface  of  the  tube,  upon  which  a  scale  is  marked. 
If  the  surface  upon  which  the  level  is  placed  is  not  perfectly  hori- 
zontal, the  bubble  moves  towards  one  end  or  the  other  of  the  scale 
instead  of  remaining  in  the  middle. 

The  Artesian  well  is  an  illustration  of  the  principle  of  the  equi- 
lii)riuni  of  liquids.  In  this  case  the  strata  which  hold  the  water 
are  shut  in  abcn-e  and  below  by  impervious  layers  of  clay.  At 
the  same  time,  the  water  here  accumulated  has  worked  its  way 
down  from  a  much  higher  level.  When  the  upper  clay  layer  is 
perforated  in  sinking  the  well,  the  water  rises,  tending  to  reach 
the  level  from  which  it  started. 

3.  Pressure  upon  Bodies  Immersed  in  Liquids. 

We  have  seen  that  the  i)ressure  felt  upon  any  molecule  within 
the  body  of  a  liquid  varies  with  the  depth  and  is  exertc*d  equally 
upward  as  well  as  downward.  XVe  are  now  prepared  to  consider 
the  effect  of  this  pressure  ui)on  a  solid  body  immersed  in  the 
liciuid.  As  the  horizontal  pressures  act  from  all  sides,  they  may 
l)c  considered  as  neutralizing  each  other.  We  have,  therefore, 
only  the  pressures  in  a  vertical  direction  to  consider.  It  is  ob- 
vioii"^  that  upon  the  top  of  the  solid  there  is  exerted  a  vertical 
downward  pressure,  measured  by  the  depth  of  this  horizontal 
layer  from  the  surface  of  tlie  liquid,  while  against  the  under  sur- 
iace  of  the  solid  there  is  a  vertical  upward  pressure,  measured 
l)v  the  depth  of  that  horizontal  laver  from  the  surface  of  the 
licjuid.  Of  course,  the  pressure  in  the  lower  horizontal  layer  will 
be  greater.  Hence  the  solid  will  be  pushed  upward  by  a  pressure 
Ljreater  than  that  which  bears  upon  its  upper  surface,  and  greater 
bv  the  weij^lit  of  a  column  of  the  liquid  equal  in  height  to  the 
difference  in  depth  between  the  top  and  the  bottom  of  the  solid, 
lult  f<:>r  the  case  of  a  body  immersed  in  water  is,  there- 
sed  by  saying  that  the  excess  of  upward  pressure  is 
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eqtuU  ta  the  rveigii  of  the  volume  ef  u-aler  displaced  by  {he  im- 
ftiersed  body. 

This  excess  of  upward  pressure  lor  buoyaHey,  as  il  is  termed) 
obviously  has  its  effect  temporarily  upon  the  weight  of  the  solid 
body.  The  weight  may  be  totally  or  partially  overcome  by  this 
buoyancy,  as  the  preceding  considerations  show  us  that  a  fcrff 
immersed  in  u  liquid  loses  a  pari  of  Us  ^'eigkt  equal  to  the  s-eigkl 
of  tke  displaced  liqnid.  This  statement  may  be  very  exacdy 
dcmuiistnited  by  the  hydrostatic  balance,  as  shown  in  Fig.  7. 
I'hc  solid  brass  cylinder  A  Ats  exactly  in  the  brass  cup  b.  The 
twu  are  huolccd  together,  suspended  from  the  one  pan  of  a 
baliuice,  and  counter- balanced  exactly  by  weights  placed  in  the 
other  [mn.  A  glass  globe,  or  other  vessel,  is  now  pbced  in  posi- 
tion around  the  brass  cylinder,  and  water  poured  ta  gradually. 
1^  buoyunl  etfect  of  the  water  causes  the  cj-linder  a  to  rise,  so 
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their  specific  gravity.  In  ordinary  practice  this  relative  weight 
is  always  based  upon  the  weight  of  water  taken  as  unity,  so  that 
what  is  desired  is  a  comparison  between  the  weight  of  any  body 
and  the  weight  of  an  equal  volume  of  water.  But,  as  wc  saw  on 
the  preceding  page,  we  readily  get  this  weight  by  noting  the  los3 
of  weight  experienced  when  a  solid  body  is  immersed  in  water. 
We,  therefore,  have  the  following  simple  rules  for  specific  gravity 
based  upon  this  principle  : 

For  Solids, — Weigh  the  body  in  air,  then  weigh  again  when 
immersed  in  water,  and  the  weight  in  air  divided  by  the  loss  of 
weight  when  weighed  in  water  will  give  the  specific  gravity. 

For  Liquids, — Choose  a  solid  insoluble  both  in  water  and  in 
the  liquid  under  examination ;  weigh  this  solid  in  air,  and  then 
when  immersed  in  water  and  in  the  other  liquid  ;  divide  the  loss 
of  weight  when  weighed  in  this  other  liquid  by  the  loss  of  weight 
when  weighed  in  water,  and  the  result  is  the  specific  gravity. 

In  carrying  out  the  specific  gravity  determinations  of  solids 
practically  we  have  several  methods  to  choose  from.  We  may 
use  the  specific  gravity  balance,  in  which  case  the  solid  is  sus- 
pended from  one  arm  of  the  balance  by  a  hair,  or  silken  filament, 
and  weighed  first  in  air  and  then  immersed  in  a  small  cup  of 
water  supported  independently  of  the  balance-pan  and  not  touch- 
ing it.  Or,  for  powdered  solids,  the  specific  gravity  flask  may 
conveniently  be  used.  This  is  a  small  glass-stoppered  bottle, 
the  weight  of  which,  both  empty  and  filled  with  distilled  water, 
has  been  determined.  For  greater  accunicy  the  ground-glass 
stopper  is  perforated,  so  that  in  fitting  it  to  the  bottle  any  excess 
of  water  may  be  forced  out  and  wiped  off  with  a  piece  of  soft 
paper.  In  making  a  determination,  the  bottle  is  carefully  dried, 
and,  the  powder  having  been  placed  in  it,  is  weighed.  This 
gives  the  weight  of  the  solid  in  air.  The  bottle  is  then  filled  up 
with  water,  the  excess  being  wiped  from  the  top  of  the  stopper, 
and  weighed.  The  weight  found  is  that  of  the  powder,  the 
bottle,  and  the  original  volume  of  water  minus  what  has  been 
displaced  by  the  powder,  which,  of  course,  gives  us  the  weight 
needed  for  the  specific  gravity  calculation.  In  this  determina- 
tion by  the  aid  of  the  specific  gravity  bottle,  the  water  must 
be  boiled  previously,  to  expel  the  air,  or  the  bottle,  after  filling 
in  the  powder  and  water,  be  put  under- an  air-pump  and  ex- 
hausted. 

A  form  of  specific  gravity  bottle  for  very  accurate  work  is  that 
devised  by  Dr.  Squibb  and  illustrated  in  Fig.  8.     The  bottle  is 
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weighted  by  means  of  a.  leaden  collar,  and  the  graduation  on  the 
stem  allows  of  its  being  adjusted  with  great  accuracy. 


ApparMBi  for  Hpcclfie  Ersvlly,  B 


In  the  case  of  solids  soluble  in  water,  some  other  liquid,  like 
naphtha  or  oil  of  turpentine,  the  specific  gravity  of  which  Is 
already  known,  may  be  used.  The  specific  gravity  of  liquids 
may  be  determined,  as  already  indicated,  by  the  balance.  A 
special  form  of  specific  gravity  balance  that  admits  of  rapid  de- 
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tenninatioa  and  great  accuracy  at  the  same  time  is  the  Westphal 
balance,  illustrated  in  Figs.  9  and  10.  The  graduated  aim  of  the 
Ixdance  has  suspended  from  it  a  glass  plummet  cjirrjing  a  iher- 
mometer.  the  weight  of  which  is  so  adjusted  that  when  sunk  in 
distilled  water  at  15°  C,  and  loaded  with  the  rider  l,,  the  arm  of 
the  balance  is  exactly  horizontal.  The  other  adjustments  of  the 
wei^ts  necessary  to  establish  equilibrium  when  the  liquids  used 


Fig.  9. 


Wc9lpha]  ■peclfic  itravity  balance* 

are  heavier  or  lighter  tlian  water  are  shoi 


.  Fig.   10,     In 


practice  specific  gravity  is  more  conveniently  determined  by  the 
aid  of  what  are  termed  kydromelers.  These  are  glnss  tubes 
loaded  at  the  lower  end  with  mercury  or  shot,  so  thnt  thi  y  will 
float  upright  when  immersed  in  a  liquid.  On  the  stem  is  marked 
a  scale  of  degrees  or  equal  parts.  It  is  obvinus  th;it  if  one  of 
these  hydrometers  sink  to  a  certain  dejith  in  waicT,  it  will  sink 
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Still  deeper  in  a  liquid  lighter  than  water,  or  float  higher  in  one 

_  heavier  than  water.     If 

Fig.  la  i.        i.         •  ,  •  , 

then  the  point  to  which 

it  sinks  in  water  be 
marked  i  of  the  scale, 
the  distance  above  this 
would  be  marked  in 
decimal  fractions  less 
than  I,  while  the  dis- 
tance below  would  be 
marked  in  firactions 
greater  than  i.  In 
order  to  mark  slight 
differences  more  accu- 
rately, a  number  of  hy- 
drometers are  used  in 
a  set,  of  which  several 
are  weighted  and  grad- 
uated for  liquids  lighter 
than  water  and  several 
for  liquids  heavier  than 
water.  Arbitrary  scales 
are  also  in  use  for  hy- 
drometers, such  as  that 
of  Beaum^  for  liquids 
heavier  than  water,  that 
of  Beaum^  for  liquids 
lighter  than  water,  and 
those  of  Tralles,  Twad- 
dle, Gay  Lussac,  Beck, 
etc.  Special  forms  for 
particular  liquids  are 
also  used,  as  alcoholometers,  salimeters,  saccharometers,  lactome- 
ters, etc 

C.    Special  Properties  of  Gases. 

z.  Attraction  and  Repulsion  in  Gases. 

Expansion  and  Compressibility  of  Gases. — Gases  have  already 
been  referred  to  as  showing  in  the  highest  degree  the  tendency 
to  expand  because  of  the  repulsion  which  exists  between  the 
molecules,  causing  them  to  separate  more  and  more  widely. 
Hence  the  volume  of  a  gas  is  always  dependent  upon  the  teni- 


1.0460 


a8642 


Readings  of  the  Westphal  balance. 
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perature  and  pressure  to  which  it  is  subjected  at  the  time.  This 
may  be  readily  illustrated  by  placing'  a  small  rubber  balloon  par- 
tially distended  with  air  or  gas,  but  securely  closed  to  prevent  the 
escape  of  the  gas,  under  the  receiver  of  an  air-pump  (see  p.  43), 
Upon  exhausting  the  air  from  within  the  receiver,  the  balloon 
immediately  distends  and  swells  to  several  times  its  original  bulk. 
This  is,  of  course,  due  to  the  expansion  of  the  gas  under  dimin- 
ished pressure,  as  when  the  air  is  admitted  again  to  the  receiver 
of  the  pump  the  balloon  contracts  to  its  original  dimensions. 

The  compressibility  of  gases  under  increased  pressure  is  also 
capable  of  ready  illustration  by  the  aid  of  the  pneumatic  syringe. 
This  consists  of  a  tube  of  heavy  glass  closed  at  one  end  and 
provided  with  a  tight-fitting  solid  piston.  When  this  is  pushed 
down  the  air  may  be  compressed  to  a  fraction  of  the  original 
volume  ;  but  upon  withdrawing 
this  pressure  the  piston  imme- 
diately rises  and  the  air  expands 
to  its  original  volume. 

An  important  fact  to  be  noted 
is  that  there  are  limits  to  this 
contraction  in  volume  under  the 
influence  of  pressure.  After 
a  certain  pressure  has  been 
reached  (known  as  the  critical  ' 
pressure),  the  contraction  of 
the  gas  causes  a  change  of  phys- 
ical condition,  and  the  gas  be- 
comes a  liquid.  Every  gas 
has  thus  its  critical  pressure  and 
temperature,  the  passing  of 
which  causes  it  to  liquefy. 
This  change  of  form  will  be  re- 
ferred to  more  fuUy  under  Heat 

Diffusion  0/  Gases. — Gases 
possess  the  power  of  diffus- 
ing, whereby  two  gases  of  dif- 
ferent densities  rapidly  become 
a  homogeneous  mixture,  in 
the  highest  degree,  as  might 
be  expected  from  the  freedom 
of  motion  possessed  by  their  molecules.  Porous  diaphragms  of 
parchment,  rubber,  or  unglazed  pottery  all  allow  uf  this  diffusion. 
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It  may  be  illustrated  by  the  apparatus  shown  in  Fig.  ii.  In  this 
case,  the  porous  cell  shown  fitted  to  the  upright  glass  tube  is  filled 
with  air,  while  a  bell-jar  containing  hydrogen  is  held  for  a  moment 
depressed  around  it.  Gaseous  diffusion  immediately  takes  place 
through  the  walls  of  the  porous  cup,  and  the  result  is  a  mixture 
of  hydrogen  and  air,  both  within  and  without  the  porous  dividing 
wall.  But  hydrogen,  as  the  lighter  gas,  diffuses  more  rapidly 
than  the  air,  and  the  result  is  an  excess  of  the  gaseous  mixture 
within  the  cup,  and,  in  consequence,  a  bubbling  out  at  the  bottom 
of  the  upright  glass  tube. 

The  investigation  of  these  phenomena  of  diffusion  by  Graham 
has  shown  that  they  take  place  according  to  a  very  simple  law. 
He  found  that  the  rapidity  of  the  diffusion  of  two  gases  of  dif- 
ferent densities  was  inversely  as  the  square  root  of  the  densities  of 
the  gases.  Thus,  as  hydrogen  is  about  14.5  times  lighter  than 
air,  it  will  diffuse  nearly  four  times  faster  than  air. 

Absorptioyi  of  Gases  by  Liquids  and  Solids. — These  two  cases, 
while  showing  some  points  of  resemblance,  are  generally  based 
upon  different  physical  operations.  In  the  case  of  the  absorp- 
tion by  liquids,  we  mu^t  suppose  that,  under  the  influence  of  a 
powerful  attraction,  the  gas  which  is  absorbed  is  first  liquefied, 
and  then  taken  up  in  a  physical  admixture.  This  attraction  is 
dependent  to  a  considerable  degree  upon  temperature,  but  with 
that  limitation  it  is  fixed  and  uniform  for  the  particular  gas  and 
the  liquid  which  acts  as  its  solvent.  Thus,  the  nitrogen  and 
oxygen  of  the  atmosphere  are  soluble  in  water  in  different  pro- 
portions from  those  in  which  they  exist  admixed  in  air. 

Numerous  examples  of  the  solubility  of  gases  in  liquids  will 
be  found  later  in  the  discussion  of  the  chemical  elements  and 
their  compounds.  In  some  cases  the  action  is  believed  to  be 
purely  a  physical  one,  as  in  the  case  of  oxygen  just  mentioned ; 
in  other  cases  it  is  probably  due,  in  large  part,  to  the  forming  of 
a  chemical  combination,  such  as  a  hydrate,  as  in  the  case  of  the 
absorption  of  ammonia,  chlorine,  carbon  dioxide,  etc.  The  ab- 
sorption of  gases  by  solids,  on  the  other  hand,  is  considered  to 
be  due,  in  the  main,  to  the  attraction  which  causes  the  gases  to 
deposit  in  a  more  or  less  thick  layer  of  condensed  gas  upon  the 
surface  of  the  solid.  Porous  bodies  which  expose  a  large  surface 
are,  therefore,  especially  adapted  for  the  illustration  of  this. 
Freshly  prepared  wood  charcoal,  for  instance,  at  ordinary  tem- 
peratures, will  absorb  ninety  volumes  of  ammonia  gas  and  smaller 
amounts  of  other  gases.     It  is  interesting  to  note  that,  in  general, 
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the  absorption  is  greatest  in  the  case  of  those  gases  which  are 
most  easily  liquefied.  Certain  metals,  although  compact  in  struc- 
ture, possess  the  power  of  taking  up  or  occluding  many  times 
their  volume  of  certain  gases.  This  is  shown  in  the  case  of 
platinum  and  palladium  with  hydrogen,  and  of  iron  and  nickel 
with  carbon  monoxide.  It  is  probable  that  in  the  former  case 
true  metallic  alloys  are  formed  by  the  union  of  hydrogen  with 
the  metals,  and  in  the  latter  that  a  chemical  compound  is  formed 
for  the  time  being. 

a.  Pressure  Exerted  by  Gases. 

Weight  of  Gases. — That,  despite  their  apparent  lightness  and 
expansibility,  g^es  possess  weight  is  easily  capable  of  proof. 
If  a  glass  globe,  provided  with  a  brass  cap  and  stop-cock,  be 
attached  to  one  pan  of  a  balance  and  accurately  counterbalanced 
when  filled  with  air,  on  removing  it  and  exhausting  the  air  with 
the  aid  of  an  air-pump,  it  is  found  that  it  has  lost  notably  in 
weight  This  loss  represents  the  weight  of  the  air  pumped  out 
of  the  globe.  In  the  same  way,  all  gases  can  be  shown  to  have 
appreciable  weight.  Their  relative  weight  is  usually  expressed 
by  referring  them  to  an  equal  body  of  air  as  unity,  and  is  termed 
their  specific  gravity.  Their  relative  weight  referred  to  hydrogen 
as  unity,  we  will  see  later,  is  usually  termed  their  density. 

The  Atmosphere  and  its  Pressure, — The  pressure  exerted  by 
gases  can  be  advantageously  illustrated  by  a  study  of  the  atmos- 
phere. This  is  the  layer  of  air  which  surrounds  the  earth  on  all 
sides.  That  it  has  weight,  and  in  consequence  exerts  pressure, 
can  be  shown  by  a  variety  of  experiments.  A  piece  of  wet  blad- 
der is  stretched  tightly  over  the  open  end  of  a  strong  glass 
cylinder,  the  other  end  of  which  is  fitted  accurately  to  the  plate 
of  an  air-pump.  If,  after  the  bladder  has  dried,  the  air  be 
exhausted  from  within  the  cylinder,  the  atmospheric  pressure 
exerted  upon  the  outer  surface  of  the  bladder  presses  it  in,  and 
finally  bursts  it  with  a  loud  report  as  the  air  suddenly  enters  the 
cylinder.  The  Magdeburg  hemispheres,  two  disks  of  bnuss  ac- 
curately fitted  together  so  that  the  whole  forms  a  hollow  sphere, 
and  callable  of  being  exhausted  through  the  stem  of  one  of  the 
hemispheres,  which  is  provided  with  a  stop-cock,  also  illustrate 
atmospheric  pressure.  When  the  air  in  the  interior  has  been 
pumped  out  and  the  stop-cock  closed,  it  is  found  impossible  to 
separate  the  two  hemispheres  except  by  the  exertion  of  great 
force. 
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Fig.  12. 


These  experiments  show  that  the  atmosphere  presses  upon 
everything  upon  the  earth's  surface  with  a  weight  which  must  be 
quite  considerable.  How  much  this  pressure  measures  was  first 
shown  in  the  experiment  of  Torricelli.  This  is  illustrated  in  Fig. 
12.  A  glass  tube  about  a  yard  long  and  sealed  at  one  end  is 
taken  and  filled  with  mercury.  Having  closed  the  open  end  of 
the  tube  with  the  thumb,  the  tube  is  inverted  and  dipped  into 
a  small  vessel  filled  with  mercury.  The  column  of  mercury  is 
seen  to  fall,  and  after  some  slight  oscillation  remains  stationary  at 
about  thirty  inches  above  the  level  of  the  mercury  in  the  outer 

vessel.  No  matter  how  long  the 
tube  may  be,  or  what  its  diameter, 
this  height  of  mercury  column  is 
always  observed.  Only  one  ex- 
planation of  this  fact  is  possible. 
It  is  that  the  atmospheric  pressure 
will  support  a  column  of  mercury 
some  thirty  inches  in  height  and 
no  more.  The  space  above  the 
mercury  in  the  inverted  tube  is  a 
vacuum,  and  hence  there  is  no 
counterbalancing  pressure  upon 
the  mercury  at  this  point.  If  the 
upper  or  closed  end  of  the  tube 
be  provided  with  a  stop-cock  and 
air  be  admitted,  the  mercury  in 
the  tube  will  immediately  fall  and 
come  to  the  same  level  as  that  in 
the  outer  vessel. 

When  water  is  used  instead  of 
mercury  it  is  found  that  the  atmos- 
pheric ])rcssure  will  support  a 
column  thirty-four  feet  in  height, 
which  is  about  13.6  times  as  high 
as  the  mercury  column.  But  mer- 
cury is  13.6  times  heavier  than  water,  so  that  the  weight  of  the 
two  columns  is  the  same  in  the  two  cases,  and  is  supported  by 
the  exertion  of  the  siime  pressure.  To  reduce  this  to  a  simple 
numerical  expression,  let  us  assume  that  the  area  of  the  tube  in 
the  experiment  with  niercur>'  is  a  square  inch.  We  thus  have 
thirty  cubic  inches  of  mercury  supported  by  the  pressure  of  the 
atmosphere.     A  cubic  inch  of  mercury  weighs  3433.5  grains, 


Torricellian  vacuum. 


SPECIAL   PROPERTIES  OF   GASES.  4 1 

or  0.49  of  a  pound,  so  that  the  weight  of  the  thirty  inches  is 
14.7  pounds.  It  is  customary  to  consider  the  atmospheric 
pressure  as  equalling  in  round  numbers  fifteen  pounds  upon  a 
square  inch  of  surface,  and  this  is  often  referred  to  as  a  pressure 
of  one  atmosphere.  The  instruments  used  for  measuring  atmos- 
pheric pressure  are  called 

Barometers. — The  simplest  form  of  barometer,  of  course,  is  the 
straight  tube  of  Torricelli  as  just  described.  This  tube,  suitably 
mounted  in  a  frame  on  which  a  scale  has  been  constructed  and 
dipping  into  a  small  cup  filled  with  mercury,  constitutes  the  cis- 
tern barometer.  A  convenient  form  of  cistern  barometer  is  shown 
in  Fig.  13.  Another  form,  preferred  for  many  purposes,  is  the 
siphon  barometer,  shown  in  Fig.  14.  In  this  case  the  tube  has 
two  unequal  branches,  of  which  the  longer  is  closed,  and  the 
shorter,  acting  as  the  cistern,  has  an  opening  communicating  with 
the  air.  There  are  two  scales,  one  at  either  end,  so  as  to  note 
the  height  of  the  mercury  in  either  branch.  The  distance  between 
the  upper  and  lower  levels  constitutes  the  barometric  column. 
At  the  sea-level  this  is  almost  exactly  thirty  inches  of  the  English 
scale,  or  760  millimeters  of  the  metric  scale.  At  any  considerable 
height  above  the  sea-level,  of  course,  the  pressure  is  less,  because 
the  lower  layers  of  the  atmosphere  have  been  passed,  and,  as 
these  layers  are  denser  than  those  above  them,  the  barometric 
reading  will  be  notably  less.  Thus,  at  a  height  of  3.4  miles,  or 
17,952  feet  (the  height  of  some  of  the  Alpine  peaks),  exactly 
one-half  of  the  atmospheric  pressure  is  felt,  as  indicated  by  the 
barometer  reading  of  fifteen  inches. 

Still  another  form  of  barometer,  and  the  one  most  generally 
used  by  travellers  in  determining  the  height  of  mountains,  on 
account  of  its  lightness  and  portable  character,  is  the  aneroid 
barometer.  This  is  a  flat,  thin-walled,  circular  box  of  corrugated 
metal,  exhausted  of  air  and  then  hermetically  sealed.  The  varia- 
tions of  the  atmospheric  pressure  upon  the  sides  of  this  box  cause 
a  system  of  levers  to  register  by  means  of  a  needle  running  over 
a  graduated  dial  face.  The  graduation  must,  of  course,  be  made 
by  comparison  with  a  standard  mercurial  barometer. 

3.  Pressure  on  Bodies  Immersed  in  Air. 

Buoyancy  of  Ga^es. — ^The  principle  of  Archimedes  (see  p.  32), 
whereby  a  body  immersed  in  a  liquid  loses  a  portion  of  its  weight 
equal  to  the  weight  of  the  displaced  liquid,  is  equally  true  of 
gases,  and  that  they  possess  buoyancy  or  supporting  power  upon 
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bodies  immersed  in  them  is  easily  shown.  A  small  scale-beam 
is  taken,  capable  of  being  put  under  the  bell-jar  of  an  air-pump, 
and  from  one  arm  of  this  a  hollow  copper  sphere  is  suspended. 


counterbalanced  by  a  small  weight  attached  to  the  other  arm. 
When  this  Is  put  under  the  bell-jar  and  the  air  exhausted,  the 
hollow  sphere,  deprived  of  the  buoyant  effect  of  the  air,  sinks 
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and  appears  to  be  heavier  than  the  small  weight,  which  felt  the 
buoyant  effect  of  the  air  much  less  because  of  its  smaller  bulk. 

An  important  application  of  the  buoyancy  of  the  air  is  the  use 
of  balloons.  These  are  simply  hollow  spheres  of  light  but  im- 
permeable material,  such  as  silk  coated  with  caoutchouc  or  other 
varnish,  which  enclose  a  large  volume  of  some  light  gas,  like 
hydrogen  or  illuminating  gas,  and  displace  a  corresponding 
volume  of  air.  The  weight  of  the  balloon  and  its  equipment, 
Whether  with  that  of  the  volume  of  gas  contained,  subtracted 
from  the  weight  of  the  volume  of  air  displaced,  will  give  us  the 
ascensional  force  of  the  balloon. 

Great  heights  have  been  attained  by  the  use  of  balloons :  Mr. 
Glaisher  in  1861  ascended  to  a  height  of  some  36,000  feet,  as 
indicated  by  the  barometric  reading  of  about  seven  inches  ;  but 
as  yet  it  has  not  been  found  possible  to  direct  their  movements 
with  any  certainty. 

4.  Apparatus  Baaed  upon  Atmospheric  Pressure. 

The  Air-Pump. — The  exhaustion  from  any  given  space  of  the 
air  contained,  or  the  removal  of  the  atmospheric  pressure,  not 
only  is  important  as  allowing  us  to  demonstrate  the  elTects  of 
this  pressure,  but  is  a  necessary  operation  in  many  manufacturing 
processes,  as  in  evaporation  of  liquids  in  vacuo,  the  exhaustion 
ofglobesforincandescent  electric  lamps,  operating  the  condensers 
of  steam-engines,  etc.  We  will  here  refer  only,  however,  to  the 
portaUe  ibrms  of  exhau-sting  pumps  for  production  of  a  vacuum. 

Fig.  15. 


Fig.  15  gives  a  sectional  view  of  the  common  form  of  air-pump. 
If  we  start  with  the  piston  p  at  the  bottom  of  the  cylinder,  as  it  is 
drawn  up  the  valve  v*  opens  upward  and  air  is  drawn  out  of  the 
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When  the  piston  begins  to  descend,  the  valve  v^ 
do6es  and  Ae  vahre  in  piston  p"  opens,  letting  the  air  escape  into 
the  apace  above  the  piston.  The  air  can  thus  be  considerably 
nunefied  by  a  tew  strokes,  but  it  is  impossible  to  produce  a  perfect 
yacuum,  owing  to  the  difficulty  of  securing  perfectly  fitting  joints 
for  the  ;^paratus. 

A  more  perfect  vacuum  is  attained  by  the  aid  of  the  Sprengel 
mercury  pump.  This  consists  simply  of  a  vertical  tube  of  narrow 
bore,  -something  over  a  yard  in  height,  a  few  inches  firom  the  top 
of  which  a  Lateral  tube  is  made  to  connect  perfectly  air-tight. 
If  now  mercurj-  be  poured  into  the  vertical  tube  by  the  aid  of  a 
fiinneU  in  filing  it  draws  the  air  icova  the  vessel  connected  with 
the  lateral  tube  until  a  complete  vacuum  has  been  established 
therein,  when  a  column  of  mercury  thirty  inches  in  height  will 
stand  in  the  vertical  tube.  These  pumps  are  used  exclusively  in 
producing  the  vacuum  needed  for  incandescent  electric-light 
^obes- 

Condensing  Pumps. — By  a  different  amuigement  of  the  %'alves 
in  the  cylinder  and  side-tube,  instead  of  exhausting  a  given  space, 
additional  air  may  be  forced  in  and  so  brought  under  considerable 
pressure.     A  condensing  pump  is  also  useful  in  condensing  other 

gases  than  air,  as  in  forcing  carbon 
dioxide  under  pressure  into  solutions. 
Lifting  and  Suction  Pumps. — An 
important  application  of  the  principle 
of  atmospheric  pressure  is  seen  in  the 
pumps  devised  for  the  lifting  of  water 
fivm  wells  and  cisterns.  One  of  the 
common  forms  is  illustrated  in  Fig.  i6. 
The  action  here  exactly  corresponds 
i  to  that  in  the  cylinder  of  the  air-pump. 
As  the  piston  P  is  drawn  up»  the  valve 
%•',  known  as  a  clack-valve,  opens  up- 
ward, and  air  with  water  following  it  is 
drawn  up  into  the  cylinder.  As  the 
piston  descends,  the  valve  v'  closes 
and  v  opens,  .\fter  a  few  strokes  the 
water  is  littevl  bv  this  action  fk>m  the 
depth  w  to  the  cylinder  and  there 
remains,  tilling  the  whole  length  of 
the  tube.  It  is  obvious  that  the  action  of  the  piston  first  exhausts 
the  cylinder  of  air,  and  that  the  water  rises  into  the  vacuum  thus 
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formed,  where  it  remains  unless  the  leakage  of  air  into  the  cylin- 
der causes  the  water  to  fall  again  to  the  level  of  that  below.  Other 
forms  of  pumps  combine  the  principle  of  exhaustion  and  pressure, 
and  thus  can  deliver  a  continuous  stream  of  water. 

The  Siphon, — ^This  is  simply  a  tube  bent  at  an  acute  angle,  open 
at  both  ends,  and  with  legs  of  unequal  length.  If  the  siphon  be 
filled  with  liquid  and  the  longer  end  closed  temporarily,  on  dipping 
the  shorter  leg  into  the  liquid  contained  in  an  open  vessel  a  flow 
begins  when  the  longer  leg  of  tube  is  unstopped,  and  the  liquid 
will  drain  from  the  vessel  until  the  level  falls  below  the  end  of  the 
short  leg.  The  explanation  of  the  action  of  the  siphon  is  simple. 
When  it  is  in  action,  the  pressure  on  the  surface  of  the  liquid  in 
the  vessel  is  the  atmospheric  pressure  minus  the  vertical  distance 
from  this  surface  to  the  top  of  the  shorter  leg  of  the  siphon,  while 
the  pressure  on  the  liquid  where  it  is  flowing  out  is  the  atmos- 
pheric pressure  minus  the  vertical  distance  from  the  point  of 
escape  to  the  bend  at  the  top  of  the  longer  leg.  This  latter 
pressure  b  less  than  the  former,  hence  the  liquid  continues  ta 
flow  out  as  long  as  this  inequality  continues. 


CHAPTER    III. 

RADIANT   ENERGY.— I.  HeAt. 

I.     The  Nature  of  Heat. 

Heat  is  a  form  of  energy  due  to  molecular  vibration.  This 
vibration  seems  to  be  taking  place  in  greater  or  less  d^jee  in 
all  bodies,  and,  when  communicated  to  the  ether  which  fills  all 
space  around  the  vibrating  body,  is  transmitted  to  the  nerves 
of  sensation,  and  so  Is  felt  as  heat.  The  presence  of  air  is  not 
essentia]  for  this  transmission  of  heat  vibrations,  as  they  are 
transmitted  equally  in  vacuo  as  in  air.  When  these  %dbradoiis 
become  more  rapid  the  heated  body  may  become  luminous,  and 
this  manifestation  of  radiant  energy  is  called  light.  Electrical 
energy  seems  to  be  due  to  vibrations  of  the  same  nature,  but  of 
still  greater  rapidity  of  movement.  Such  is  the  undulator\'  or 
vibrator)'  theor\'  of  heat  and  light.  The  fact  that  one  of  these 
related  forms  of  energ\'  can  be  changed  readily  into  the  others, 
and  that  all  of  them  can  be  produced  from  mechanical  energy, 
renders  this  theory  a  very  probable  explanation  of  the  obser\'ed 
phenomena. 

An  older  theory  that  heat  as  well  as  light  was  due  to  the 
emission  of  material  particles  from  heated  bodies,  or  sources  of 
heat,  is  now  practically  abandoned.  Similar  statements  with 
regard  to  the  existence  of  a  supposed  material  substance  called 
caloric  are  now  considered  as  devoid  of  anv  foundation  of  truth. 

II.     Sources  of  Heat. 

I.  Physical  Sources. — By  far  the  most  important  source  of 
heat  known  is  the  sun's  radiation.  What  the  source  of  the  sun's 
heat  mav  be  is  not  known,  nor  can  anv  exact  estimates  be  made 
as  to  the  tempt-niture  existing  upon  the  sun's  surface.  The 
quantity  of  heat  received  upon  the  whole  surface  of  the  earth  in 
anv  t^^ivcn  unit  of  time,  as  in  a  dav,  is,  however,  enormous.  Xot 
only  is  it  the  greatest  of  the  present  sources  of  heat,  but  by  its 
past  activity  it  has  been  the  means  o{  accumulating  for  us  the 
immen>e  stores  of  coal,  ptlroleum,  and  <.»ther  valuable  heat-pro- 
ducing  substances  used  at  present  as  fuel. 
46 
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The  earth  possesses  also  a  heat  of  its  own,  readily  noted  as  we 
descend  to  any  considerable  depth  below  its  surface,  and  made 
evident  to  us  in  hot  springs  and  volcanoes.  The  explanation 
most  generally  accepted  for  this  is  that  the  earth  has  cooled  from 
a  much  more  highly  heated  state,  probably  that  of  an  incandes- 
cent gas,  and  that,  while  a  hard  crust  has  formed  upon  the  surface, 
the  interior  of  the  globe  is  yet  in  a  molten  and  liquid  state. 

2.  Chemical  Sources. — Most  forms  of  chemical  combina- 
tion, as  we  will  see  later,  are  accompanied  by  the  development  of 
heat  in  definite  amounts,  or  are  exothermic.  Hence  every  case 
of  combustion  going  on  about  us  in  nature  contributes  to  the 
development  of  heat.  This  includes  the  rapid  combustion  of 
all  forms  of  fuel,  and  the  slow  combustion  or  decay  of  organic 
matter.  It  includes  also  the  respiration  of  all  kinds  of  animals, 
and  the  processes  of  assimilation  of  food  equally  due  to  chemical 
and  heat-producing  changes.  Those  forms  of  fuel  which  are 
richest  in  the  elements  carbon  and  hydrogen  possess  the  greatest 
value  as  fuel,  as  by  the  oxidation  of  these  elements  the  maximum 
of  heat  can  be  developed.  Hence  the  value  for  heating  purposes 
of  the  several  varieties  of  coal,  of  petroleum,  of  hydrocarbon 
gases,  and  of  so-called  *  *  water-gas.  * ' 

3.  Mechanical  Sources. — Friction  and  percussion  are  among 
the  commonest  of  the  methods  by  which  heat  is  developed.  The 
old  device  of  obtaining  sparks  from  a  piece  of  flint  and  a  steel, 
and  the  still  older  one  of  the  savage  of  rubbing  together  two  dry 
sticks  to  kindle  a  fire,  are  illustrations  of  the  development  of  heat 
by  friction.  The  **  hot-box"  on  a  railway  car,  where  the  heat  de- 
veloped by  the  friction  of  the  car-axle  in  its  box  often  suffices  to 
^nite  the  oil-soaked  waste,  is  also  an  illustration.  The  striking 
of  the  blacksmith's  hammer  upon  the  anvil  readily  illustrates 
the  heat  developed  by  percussion.  In  this  case  the  energy  of  the 
mass  of  the  hammer  in  descending  is  changed  when  it  strikes  into 
the  molecular  energy  of  the  particles  known  and  recognizable  by 
the  senses  as  heat. 

Mechanical  Equivalent  of  Heat, — The  fact  that  visible  me- 
chanical or  mass  motion  may  be  changed  into  molecular  motion, 
or  heat,  suggests  that  a  mechanical  equivalent  may  be  established 
for  a  given  development  of  heat.  This  idea,  first  brought  for- 
ward by  Mayer,  was  experimentally  established  by  Joule.  He 
determined  the  number  of  foot-pounds  (see  p.  20)  of  energy 
equivalent  to  a  unit  quantity  of  heat.  He  used  a  copper  vessel 
filled  with  water  and  provided  with  brass  paddle-wheels,  which 
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were  set  in  motion  by  the  falling  of  weights.  The  weights  being 
known  and  the  space  through  which  they  fell,  as  well  as  the  dif- 
ference in  temperature  of  the  water  at  the  beginning  and  at  the 
end  of  the  fall,  the  amount  of  fall  corresponding  to^  an  increase 
of  one  degree  was  readily  calculated.  The  result  expressed  in 
English  units  is  that  to  raise  one  pound  of  water  one  degree 
Fahrenheit  requires  772  foot-pounds,  or  to  develop  one  degree- 
Centigrade  requires  1390  foot-pounds. 

III.     Effects  of  Heat. 

If  we  refer  for  a  moment  to  the  explanation  given  as  to  the 
nature  of  heat,  we  can  conjecture  what  the  effects  of  the  applica- 
tion of  heat  to  a  body  would  necessarily  be.  In  the  first  place, 
the  vibrations  already  existing  between  the  molecules  or  particles 
of  the  body  will  be  increased  in  rapidity,  and  the  body,  to  use 
the  common  expression,  becomes  hotter.  This  is  made  evident 
by  rise  of  temperature,  appreciable  by  the  senses  or  by  more  ac- 
curate recording  instruments.  In  the  second  place,  these  vibra- 
tions will  increase  not  only  in  rapidity  but  in  amplitude,  and  the 
body  expands,  the  force  of  cohesion  having  been  weakened  while 
that  of  repulsion  tends  more  strongly  to  drive  the  molecules- 
apart.  In  the  third  place,  this  loss  of  cohesive  power  may  go  so 
far  that  change  of  physical  condition  results.  A  solid  body  under 
the  influence  of  heat  may  fuse  or  liquefy,  and  a  liquid  when 
heated  may  boil  and  be  entirely  volatilized.  We  shall  take  up- 
these  several  effects  of  heat  in  succession  for  more  detailed 
study. 

I.  Rise  of  Temperature. — ^This  is  the  first  and  most  general 
effect  of  heat.  Indeed,  it  might  be  called  the  invariable  effect 
except  for  the  case  which  will  be  referred  to  later,  when  the  heat 
applied  is  consumed  in  doing  the  work  of  changing  the  physical 
condition  of  the  body,  or,  as  it  has  been  termed,  is  rendered 
laiait.  In  this  case  it  does  not  show  in  the  raising  of  the  tem- 
perature of  the  body. 

Rise  of  temperature  is  in  some  cases  appreciable  by  the  senses, 
but  more  delicate  means  of  distinguishing  are  clearly  obtainable 
in  the  use  of  what  are  termed  thennometers,  or  heat-measurers. 
These  usually  depend  upon  the  expansion  and  contraction  under 
the  influence  of  heat  and  cold  of  a  liquid  or  gas,  but  the  expan- 
sion and  contraction  of  metals  are  also  availed  of  at  times. 

The  ordinary  thermometer  is  that  in  which  mercury  is  used.  It 
consists  of  a  glass  bulb  of  spherical  or  cylindrical  shape  connected 
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with  a  fine  capillary  tube  or  stem.  The  bulb  and  part  of  the  stem 
having  been  filled  with  mercury,  this  is  boiled  to  expel  the  air 
and  the  tube  is  sealed  up.  To  establish  a  scale  for  the  ther- 
mometer when  thus  filled,  two  fixed  points  are  needed.  One  is 
obtained  by  immersing  the  bulb  in  melting  ice,  and  the  other  by 
suspending  it  in  steam  from  water  boiling  at  normal  pressure,  and 
these  points  are  permanently  marked  upon  the  glass.  Between 
these  two,  a  scale  is  now  to  be  made  and  the  individual  divisions 
or  degrees  of  the  scale  are  to  be  marked. 

Three  scales  have  been  proposed  and  are  now  in  more  or  less 
common  use.  The  Fahrenheit  (used  commonly  in  England  and 
in  the  United  States),  the  Reaumur  (formerly  used  in  Germany 
and  used  still  in  Sweden  and  Denmark),  and  the  Centigrade  or 
Celsius  (used  commonly  in  Europe,  as  well  as  in  scientific  litera- 
ture generally).  The  two  fixed  points  be- 
fore referred  to  serve  equally  for  all  of 
these,  but  the  method  of  dividing  the 
space  between  the  two  points  is  different 
in  each  of  them.  The  distinction  between 
the  several  scales  is  shown  in  Fig.  17. 
In  the  Centigrade  and  the  Reaumur  scales 
the  lower  fixed  point  (the  melting  point 
of  ice)  is  called  zero,  while  in  the  Fahren- 
heit scale  it  is  put  at  the  32d  division  of  a 
scale  which  starts  lower.  The  upper  fixed 
point  (the  boiling  point  of  water)  is  taken 
as  100  degrees  of  the  Centigrade  scale,  as 
80  degrees  of  the  R6aumur  scale,  and  as 
2X2  degrees  of  the  Fahrenheit  scale.  Con- 
sequently, the  space  between  the  two  fixed 
points  is  divided  into  100  degrees  in  the  -j 
Centigrade  scale,  into  80  degrees  in  the 
R6aumur  scale,  and  into  180  degrees  in 
the  Fahrenheit  scale.     Divisions  of  the    O  ja         JE? 

same  value  are  continued  both  above  and   Co»p*«*»oo  of  thermometer 

sc&lcs 

below  the  fixed  points  upon  each  of  the 

several  scales,  degrees  below  zero  being  indicated  by  the  sign 
minus.  One  degree  of  the  Centigrade  scale  (expressed  1°  C.) 
will  equal  f  of  a  degree  Reaumur  (1°  R.)  and  |  of  a  degree 
Fahrenheit  (i""  F.). 

The  conversion  of  readings  of  the  Centigrade  scale  into  the 
oorresponding  readings  of  the  R6aumur  scale,  and  vice  versa,  is 
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easily  effected  by  the  aid  of  this  fraction,  using  the  expressions 
C^  X  ^  =  R.°,  and  R.°  Xi  =  C.°. 

In  the  case  of  the  Fahrenheit  scale,  the  problem  is  not  quite  so 
simple,  as  the  zero  of  this  scale  does  not  agree  with  that  of  the 
other  two,  and  instead  of  the  lower  fixed  point  of  the  scale  being 
placed  at  zero  it  is  32  degrees  above  zero.  This  inequality  is 
easily  overcome,  however,  and  to  convert  Fahrenheit  readings 
into  Centigrade  we  use  the  expression  (F.  — 32)  |^  ^  C,  and  to 
convert  Centigrade  readings  into  Fahrenheit,  f  C.  +  32  =  F. 
When  the  minus  sign  is  prefixed  to  a  reading,  this  must  be  taken 
into  account  in  adding  or  subtracting  the  32. 

The  Centigrade  scale  is  readily  seen  to  be  the  most  convenient 
as  well  as  the  most  philosophical  of  these  several  scales,  and  it 
has  practically  displaced  the  other  two  in  all  exact  and  scientific 
work. 

The  limits  of  use  of  the  mercurial  thermometer  are,  of  course, 
reached  as  we  approach  the  fi*eezing  or  the  boiling  point  of 
mercury.  The  lower  limit  of  accuracy  is  — 36°  C. ,  as  mercury 
freezes  at  — 40°  C. ;  the  upper  limit  is  about  300°  C. ,  as  mercury 
boils  at  350°  C. 

For  low  temperatures,  therefore,  the  alcohol  thermometer  is 
used,  as  this  liquid  does  not  solidify  at  extreme  low  temperatures. 

For  high  temperatures  the  air  thermometer  is  used,  and  when 
necessary  the  bulb  is  made  of  platinum.  The  stem  in  this  case 
is  not  sealed,  and  a  small  index  of  colored  sulphuric  acid  moves 
along  as  the  air  expands  or  contracts.  For  extremely  high  tem- 
peratures pyrometers  are  also  used,  in  which  the  variation  in 
electrical  conductivity  of  a  strip  of  platinum  is  made  to  indicate 
the  difference  in  temperature. 

2.  Expansion  in  Volume. — This  is  due  to  the  fact  that  the 
more  rapid  vibration  of  the  particles  of  a  body  under  the  influence 
of  heat  weakens  the  force  of  cohesion,  and  hence  tends  to  sepa- 
rate the  molecules  more  widely.  It  shows  itself  in  solids,  liquids, 
and  gases,  although,  as  might  be  expected,  most  largely  in  the 
last  named. 

With  solids  we  have  to  consider  the  case  of  both  linear  and 
cubical  expansion.  The  coefficient  of  linear  expansion  is  the 
elongation  per  unit  of  length  for  a  rise  of  temperature  of  one 
degree  Centigrade,  while  the  coefficient  of  cubical  expansion  is 
the  increase  per  unit  of  volume  for  a  similar  rise  of  temperature. 
These  coefficients  vary  with  different  solids,  as  for  glass  and  the 
different  metals,  but  a  fixed  relation  exists  between  the  coeffi- 
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cients  of  linear  and  cubical  expansion  lor  one  and  the  same  solid, 
viz.,  the  coefficient  of  cubical  expansion  is  three  times  that  of 
linear  expansion.  The  coefficients  of  the  expansion  of  metals 
vary  with  their  physical  condition,  being  different  for  the  same 
metal  according  as  it  has  been  cast  or  hammered  and  rolled, 
hardened  or  annealed. 

We  meet  ii^nth  numerous  .practical  illustrations  and  applications 
of  the  expansion  of  solids.  Furnace  bars  must  not  be  &stened 
tightly  into  masonry  at  both  ends,  lest  they  split  the  masonry 
by  expanding  ;  water-pipes  are  provided  with  telescopic  joints 
to  allow  of  expansion  ;  in  laying  rails  for  railways,  space  must 
be  left  between  two  connecting  raik  for  expansion  ;  iron  tires  are 
put  upon  wagon-wheels  while  highly  heated,  so  that  in  contract- 
ing they  may  tighten  all  parts  of  the  wheel ;  hot  liquids  cannot 
be  poured  into  vessek  of  thick  glass  without  danger  of  breaking, 
because  of  the  unequal  expansion  of  the  glass. 

Liquids  expand  in  general  more  than  solids  under  the  influence 
of  heat.  In  measuring  the  expansion  of  liquids  a  distinction 
must  be  made  between  the  apparent  expansion  of  a  liquid  con- 
tained in  a  vessel  of  glass,  which  itself  expands  by  heat,  and  the 
real  expansion  of  the  liquid  irrespective  of  the  expansion  of  the 
containing  vessel.  The  force  exerted  by  liquids  in  expanding  is 
very  great,  as  might  be  expected  from  the  difficulty  experienced 
in  attempting  to  compress  them. 

Water  presents  an  important  exception  to  the  rule  that  liquids 
expand  uniformly  with  the  increase  of  heat  and  contract  with 
cold.  When  water  is  cooled  down  gradually  from  the  ordinary 
temperature,  it  contracts  until  4°  C.  (39°  F.)  is  reached,  when  it 
begins  to  expand,  and  continues  to  increase  in  volume  until  it 
freezes  at  0°  (32°  F.).  Hence  it  shows  its  maximum  density  at 
4®  C.  This  is  of  the  greatest  imf)ortance  in  nature.  As  the 
water  in  lakes  and  rivers  cools  in  winter,  it  contracts  and  sinks 
until  the  temperature  of  4°  is  reached.  After  this  the  cooler 
layer  becomes  lighter  and  remains  on  the  surface,  where  it  con- 
ceals and  forms  ice,  which  in  time  protects  the  water  below  from 
the  extreme  low  temp)erature  to  which  the  air  may  be  reduced. 
In  this  way  fish  and  other  fresh- water  animals  are  able  to  live 
through  severe  winters  without  experiencing  any  lower  tempera- 
ture than  4*^  C.  The  expansion  of  water  in  cooling  to  form  ice 
also  plays  a  very  important  part  in  the  operations  of  nature. 
More  than  any  other  force  it  reduces  rocks  to  fragments  by 
freezing  in  crevices  and  splitting  off  small  particles.     It  bursts 
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iron  and  leaden  pipes  and  other  vessels  in  which  it  may  be  when 
these  are  exposed  to  low  temperatures. 

The  expansion  of  gases  under  the  influence  of  heat  takes  place 
very  regularly,  so  that  the  volume  of  a  gas  is  dependent  upon  its 
temperature  as  well  as  upon  the  pressure  to  which  it  may  be 
subjected.  Hence  gaseous  volumes  for  comparison  are  always 
reduced  from  the  observed  temperature  and  pressure  to  a  uniform 
standard  in  these  two  respects.  This  standard  is  o°  C.  and  760 
millimeters  of  pressure,  to  which  gaseous  volumes  are  reduced  in 
all  cases  of  accurate  measurements.  That  air  when  heated  ex- 
pands and  becomes  specifically  lighter  is  recognized  in  all  systems 
of  ventilation  and  in  creating  a  draft  for  purposes  of  combustion. 

Unit  of  Heat  and  Specific  Heat, — The  quantity  of  heat  neces- 
sary to  raise  one  pound  of  water  through  one  degree  Centigrade 
is  called  a  thermal  unit.  It  is  obvious  that  twice  the  quantity  of 
heat  will  raise  one  pound  of  water  through  two  degrees  or  two 
pounds  of  water  through  one  degree.  Similarly,  if  we  mix  one 
pound  of  water  at  100°  C.  with  one  pound  of  water  at  0°  C. ,  we 
will  have  two  pounds  of  water  at  50°  C  ,  as  the  one  pound  at  zero 
will  take  from  the  other  pound  at  100°  fifty  heat  units,  and  the 
two  pounds  will  thus  be  brought  to  a  common  temperature.  On 
the  other  hand,  if  a  pound  of  mercury  at  100°  C.  is  mixed  with 
a  pound  of  water  at  0°  C. ,  the  temperature  of  the  mixture  will 
only  be  about  3°  C.  While  the  mercury  has  cooled  through  97 
degrees  the  water  has  been  raised  only  3  degrees.  We  see  from 
this  that  a  given  weight  of  water  requires  about  32  times  as  much 
heat  as  the  same  weight  of  mercury  to  produce  the  same  elevation 
of  temperature.  Other  substances  are  found  to  vary  similarly, 
and  hence  each  substance  must  be  considered  to  possess  a  definite 
heat  capacity,  or  specific  heat.  This  is  ascertained  by  dividing 
the  amount  of  heat  required  to  warm  a  given  weight  of  any  sub- 
stance one  degree  by  the  amount  required  to  heat  an  equal  weight 
of  water  one  degree. 

3.  Change  of  Condition. — We  have  already  stated  that  li 
the  application  of  heat  to  a  body  be  continued,  rise  of  temper- 
ature and  expansion  in  volume  are  often  followed  by  change  of 
condition.  Let  us  first  note  these  results  in  the  case  of  solids. 
All  of  the  metals  and  many  other  solids  have  definite  tempera- 
tures at  which,  under  the  influence  of  heat,  they  fuse  or  liquefy, 
the  force  of  molecular  cohesion  having  been  overcome  by  the 
increased  rapidity  of  the  vibrations  of  the  molecules.  Some 
substances  are  very  refractory,  or  incapable  of  fusion,  except  at 


RADIANT   ENERGY.— HEAT.  53 

excessively  high  temperatures,  and  some,  chiefly  those  of  com- 
plex chemical  composition,  such  as  paper,  wood,  and  vegetable 
and  animal  fibres  and  tissues,  are  decomposed  without  fusion. 
With  these  exceptions  we  may  consider  fusion  a  regular  change 
which  solids  will  undergo  when  the  appropriate  temperature  is 
reached.  Two  definite  general  laws  can,  indeed,  be  stated  for  all 
fusions. 

1.  Every  substance  begins  to  fuse  at  a  certain  temperature, 
which  is  invariable  for  each  substance  if  the  pressure  be  constant. 

2.  Whatever  the  intensity  of  the  source  of  heat,  from  the  mo- 
ment fusion  commences  the  temperature  of  the  body  ceases  to 
rise  and  remains  constant  until  the  fusion  is  complete. 

The  range  of  temperature  shown  in  the  fusing  points  of  solids 
is  ver>'  great,  varying  from  — 38.8°  C.  for  mercury  to  1900°  C.  for 
platinum. 

When  metals  are  fiised  together  they  generally  form  a  homo- 
geneous mixture  which  often  possesses  properties  quite  different 
from  those  possessed  by  either  of  the  metals  singly.  Such  mixt- 
ures are  called  alloys.  They  are  generally  more  fusible  than 
either  of  the  metals  of  which  they  are  composed.  For  instance, 
Rose's  fusible  metal,  consisting  of  4  parts  of  bismuth,  i  part  of 
lead,  and  i  part  of  tin,  melts  at  94°  C,  while  its  most  fusible  con- 
stituent, tin,  melts  at  228°  C.  Wood^s  fusible  metal,  consisting 
of  I  or  2  parts  of  cadmium,  2  parts  of  tin,  4  parts  of  lead,  and  7 
or  8  parts  of  bismuth,  melts  between  66°  and  71°  C.  These 
alloys  are  largely  used  for  solders  and  in  taking  casts. 

The  second  law  of  fusion  stated  above  obviously  requires  some 
explanation.  If  a  pound  of  water  at  80°  be  mixed  with  a  pound 
of  water  at  0°,  the  result  will  be  two  pounds  of  water  at  40°. 
But  if  a  pound  of  water  at  80°  is  mixed  with  a  pound  of  ice  at 
0°,  the  two  pounds  of  water  obtained  will  have  a  temperature 
of  o**.  The  pound  of  ice  in  melting  has  used  up  the  80  degrees 
of  heat  orig^inally  possessed  by  the  pound  of  water,  so  that  this 
latter  pound  and  the  pound  resulting  from  the  melting  of  the  ice 
are  equally  at  o**-  These  80  degrees  of  heat  have  disappeared  as 
sensible  heat.  But,  as  before  stated,  energy  cannot  be  destroyed. 
It  must,  therefore,  still  be  present,  although  stored  up  as  potential 
energy  imder  the  name  of  the  latent  heat  of  fusion.  That  these 
80  degrees  of  heat  have  been  temporarily  absorbed  without  raising 
the  temperature  of  the  water  produced  from  the  ice  is  capable  of 
proof, 'as  when  the  pound  of  water  again  becomes  ice  this  ab- 
sorbed heat  is  all  given  out,  and  can  by  measurement  be  shown 
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to  be  the  equal  of  that  which  disappeared  before.  Every  liquid 
has  its  own  latent  heat.  That  of  water,  as  established  by  the 
above  experiment,  is  80°  C. 

Solution  of  Solids  in  Liquids. — Many  liquids  act  as  solvents, 
— that  is,  solid  bodies  arc  said  to  dissolve  in  them,  and  for  the 
time  being  pass  into  the  liquid  state.  This  often  takes  place  at 
ordinary  temperatures,  so  that  the  solid  liquefies  without  the  ap- 
plication of  heat.  What  under  ordinary  circumstances  would 
require  the  application  of  a  considerable  amount  of  heat  here 
takes  place  under  the  impelling  influence  of  some  other  force. 
What  this  is  we  do  not  know  very  exactly  The  phenomena  of 
solution  and  of  fusion  are  so  analogous  that  physicists  agree  that 
solution  of  solids  in  a  liquid  is  a  case  of  fusion  and  mechanical 
admixture.  During  solution,  as  during  fusion,  a  certain  quantity 
of  heat  is  rendered  latent,  or  stored  up,  so  that  the  solution  of  a 
solid  always  lowers  the  temperature  of  the  liquid  acting  as  solvent. 
Many  solids  of  complex  composition,  like  gums,  sugar,  and  other 
organic  substances,  which,  as  before  stated,  cannot  be  fused  by 
mere  application  of  heat  without  decomposition,  are  easily  soluble 
in  water.  Others  insoluble  in  water  are  soluble  in  alcohol  and 
ether.  Evidently  these  solvents  have  a  powerful  effect  upon  the 
solids  mentioned,  forcing  them  into  the  liquid  state  and  then 
making  a  homogeneous  physical  admixture. 

Solidification  of  Liquids, — ^Just  as  change  of  condition  takes 
place  when  solid  bodies  fuse  under  the  influence  of  heat  or  dis- 
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solve  in  liquids,  so  the  reverse  change  may  take  place,  whereby 
the  liquid  may  resume  the  solid  form,  either  from  fusion  or  from 
solution.  For  this  change  the  following  laws,  analogous  to  those 
before  stated  for  fusion,  may  be  given  : 

1.  Every  body  under  the  same  pressure  solidifies  at  a  fixed 
temperature,  which  is  the  same  as  that  of  fusion. 

2.  From  the  commencement  to  the  end  of  the  solidification 
the  temperature  of  a  liquid  remains  constant. 

This  second  law,  it  will  be  seen,  is  the  counterpart  of  the  law  of 
fiision  already  explained  involving  the  absorption  or  storing  up  of 
heat.  Just  as  in  the  other  case,  no  matter  what  the  heat  applied, 
the  temperature  of  the  melting  solid  remained  constant  until  the 
operation  was  completed,  so  in  this  reverse  change,  no  matter 
how  intense  the  cold,  the  giving  out  of  the  potential  heat  energy 
stored  up  in  the  liquid  prevents  any  lowering  of  the  temperature 
until  the  solidification  is  complete. 

This  principle  of  the  storing  up  of  heat  in  the  lique&ction  oC 
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a  solid  and  giving  it  out  in  the  reverse  change  of  solidification 
of  the  liquid  has  a  great  importance  in  the  economy  of  nature. 
The  first  severe  cold  of  winter  does  not  cause  the  streams  and 
lakes  to  freeze  up  suddenly  and  completely,  because  for  every 
pound  of  ice  produced  eighty  heat  units  are  given  out  and  have 
a  notable  retarding  influence  upon  the  freezing  operation  ;  simi- 
larly the  first  warm  days  of  spring  do  not  instantly  melt  the 
accumulated  snow  and  ice  of  the  mountain  valleys,  because  for 
every  ponnd  of  ice  melted  eighty  heat  units  must  be  taken  up 
and  withdrawn  from  present  effect  upon  the  temperature. 

It  is  obvious  that,  as  the  phenomena  of  solution  are  analogous 
lo  those  of  fiision,  so  we  may  have  as  the  counterpart  of  solidi- 
fication from  fusion  a  solidification  from  solution.  In  the  former 
case  change  of  temperature  is  the  occasion  of  the  solidification  ; 
b  the  latter,  besides  this  cause,  we  may  have  the  removal  by 
evaporation  or  otherwise  of  the  solvent  as  the  determining  cause 
of  the  solidification. 

Crystallization. — In  both  cases,  and  notably  in  solidification 
from  solution,  because  slower,   the  substance  in  assuming  the 

Fig.  18. 
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•oSd  state  may  take  a  characteristic  geometric  form,  known  as 
KoystaL 
Wide  tbcae  crystalUzed  solids  appear  to  vary  greatly  in  ap- 
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pearance,  they  may  all  be  arranged  in  six  groups  of  geometric 
forms,  which  are  therefore  termed  the  six  crystallographic  sys- 
tems. These  are  the  regular  or  isometric^  the  tetragonal^  the 
arthorhombic^  the  monoclinic^  the  triclifiic,  and  the  hexagonal 
systems,  each  of  which  is  distinguished  from  the  others  by  the 
difference  in  the  axes  or  lines  of  growth  around  which  the  crystal 
develops.  These  are  shown  in  their  simplest  forms  in  Fig.  i8. 
To  the  first  or  isometric  system,  a,  belong  such  forms  as  the  cube 
and  octahedron  or  regular  pyramid,  and  in  this  system  crystal- 
lize the  diamond,  magnetic  oxide  of  iron,  alum,  etc.;  to  the 
second  system,  b,  belong  the  square  pyramid  and  prism,  and  in  it 
crystallizes  sulphate  of  nickel,  etc.;  to  the  third  system,  c,  belong 
the  rhombic  pyramid  and  prism,  and  in  it  crystallize  barytes, 
sulphur,  yellow  prussiate  of  potassium,  etc. ;  to  the  fourth  system, 
D,  belong  the  oblique  pyramid  and  prism,  and  in  it  crystallize 
gypsum,  cane-sugar,  etc. ;  to  the  fifth  system,  E,  belongs  the  doubly 
oblique  pyramid,  and  in  it  cr>'stallize  copper  sulphate,  potassium 
dichromate,  etc.;  to  the  sixth  system,  f,  belong  the  hexagonal 
pyramid  and  prism  and  the  rhombohedron,  and  in  it  crystallize 
bismuth,  quartz,  calcite,  etc.  Bodies  which  solidify  from  fusion- 
or  solution  without  any  appearance  of  crystallization  are  said  to 
be  amorphous. 

Freezing  Mixtures, — The  absorption  of  sensible  heat  when 
solid  bodies  pass  into  the  liquid  state  is  often  availed  of  to  pro- 
duce artificial  cold.  Thus,  il"  the  liquefaction  of  a  solid  can  be 
accelerated  by  the  action  of  the  other  ingredients  of  the  mixture, 
it  will  absorb  notable  quantities  of  heat  from  surrounding  bodies, 
and  so  act  as  a  refrigerating  or  freezing  mixture.  Thus,  a  mixt- 
ure of  two  parts  of  powdered  ice  or  snow  and  one  part  of  salt 
will  rapidly  reduce  the  temperature  of  substances  around  which 
it  may  be  packed.  The  salt  at  once  forces  the  liquefaction  of 
the  ice,  thereby  lowering  the  temperature,  and  the  water  from 
this  liquefaction  of  the  ice  dissolves  salt,  again  lowering  the  tem- 
perature, so  that  their  combined  action  is  quite  energetic  in  the 
way  of  absorbing  heat  from  surrounding  bodies. 

Mixtures  of  certain  salts  and  acids  also  act  as  freezing  mixt- 
ures, as  when  8  parts  of  solid  sodium  sulphate  and  5  parts  of 
hydrochloric  acid  are  taken,  3  parts  of  sodium  sulphate  and  2 
parts  of  dilute  nitric  acid,  or  9  parts  of  sodium  phosphate  and 
4  parts  of  dilute  nitric  acid.  All  of  these  reduce  tem[>erature 
beaiuse  of  the  rapidity  with  which  the  s;ilt  is  liquefied  by  admixt- 
ure with  the  acid. 
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Evaporation  and  Ebullition. — Evaporation  is  the  slow  produc- 
tion of  vapor  at  the  surface  of  a  liquid.  It  may  take  place  at 
temperatures  much  below  the  boiling-point  of  the  liquid.  Ebulli- 
tion is  the  rapid  production  of  vapor,  and  indicates  that  the  point 
has  been  reached  at  which  the  liquid  is  changing  into  a  vapor. 

The  laws  of  ebullition  have  been  determined  as  follows ; 

1.  The  temperature  of  ebullition,  or  the  boiling-point,  increases 
with  the  pressure. 

2.  For  a  given  pressure,  ebullition  begins  at  a  certain  tempera- 
ture, which  varies  in  different  liquids,  but  which,  for  equal  press- 
ures, is  always  the  same  in  the  same  liquid. 

3.  Whatever  be  the  intensity  of  the  source  of  heat,  as  soon  as 
ebullition  begins,  the  temperature  of  the  liquid  remains  stationary. 

The  influence  of  pressure  referred  to  in  the  first  of  these  laws 
is  of  much  greater  importance  here  than  it  was  in  the  case  of  the 
fusion  of  a  solid.  This  is  because  of  the  readiness  with  which  a 
gas  or  vapor  responds  to  difference  of  pressure,  and  of  the  fact 
that  slow  evaporation  passes  by  gradual  stages  into  rapid  evapo- 
ration, or  boiling.  We  may  generalize  this  statement  by  saying 
that  a  liquid  boils  when  the  tension  of  its  vnpor  is  equal  to  or  ex- 
ceeds the  pressure  it  supports.  Hence,  as  the  pressure  increases 
or  diminishes,  the  tension  of  the  vapor  and,  therefore,  the  tem- 
perature necessary  for  boiling  must  increase  or  diminish  ;  it 
being  borne  in  mind  that  the  temperature  of  a  liquid  cannot  be 
raised  above  its  boiling-point.  The  close  relation  between  boil- 
ing temperature  and  pressure  may  be  shown  by  the  experiment 
illustrated  in  Fig.  19.  In  a  round-bottomed  glass  flask  water  is 
boiled  for  some  time,  and  when  the  steam  has  been  coming  of!* 
sufficiently  long  to  have  driven  out  all  of  the  air,  the  heat  is  with- 
drawn and  the  flask  closed  by  a  tight-fitting  cork.  It  is  then 
inverted  and  clamped,  as  shown  in  the  figure.  If  the  bottom  is 
then  cooled  by  wringing  out  cold  water  from  a  sponge,  the  water 
begins  to  boil  again.  The  explanation  is  as  follows  :  When  the 
flask  was  closed  and  inverted,  the  space  above  the  water  was 
filled,  not  with  air,  but  with  vapor  of  water.  When  the  upper 
part  of  the  flask  was  cooled  by  the  application  of  cold  water  from 
without,  its  first  effect  was  to  condense  a  portion  of  this  steam. 
Hence  the  pressure  upon  the  surface  of  the  water  was  much  re- 
duced, and  the  water  started  to  boil  because  the  tension  of  the 
vapor  at  its  surface  was  greater  than  the  pressure  for  the  time 
being.  As  soon  as  boiling  liberates  more  steam  the  pressure 
becomes  greater  again  and  boiling  ceases. 
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At.  ^rrLpTiTUn::  a^lksoion  of  the  iaa  that  vater  and  other 
'^rzAt  ^i'^xr-Cfi  z:ifxf:  nf/idiy  under  reduced  pressure  is  found  in 
t}^  a«^  '/  rv,':sz:3i'lAijii  smd  apparatus  for  ooocentration  of  liquids 
r.  r'itfjzyj,     T:jfz  third  law  of  boiling  has  also  important  bearings. 

If  heat  is  absorbed  durix^  boiling  with- 
out showing  any  e&ct  in  the  increase 
of  temf>erature.  it  must  be  stored  up 
in  the  vapor  as  potential  eneig}%  capa- 
ble of  being  given  out  again  in  the 
condensation  of  the  \'apor  to  the  liquid 
state. 

The  analogy  of  these  phenomena  to 
those  of  the  latent  heat  of  ftision,  be- 
fore discussed,  is  seen  at  once,  and 
similar  deductions  follow  here. 

Different  liquids  show  different  val- 
ues for  the  latent  heat  of  evaporation. 
In  the  case  of  water  this  value  is  537 
degrees  ;  that  is,  to  convert  one  pound 
of  water  at  100^  into  steam  at  the  same 
temperature  requires  sufficient  heat  to 
raise  537  pounds  of  water  one  degree. 
The  most  effective  forms  of  refiriger- 
ating  apparatus  now  in  use  are  those  in  which  the  rapid  e\'apora- 
tion  of  volatile  liquids,  like  ammonia  and  sulphur  dioxide,  is  made 
to  pnxluce  cold.  In  the  modern  ice-machines  the  evaporation  of 
these  licjuids  is  aided  by  vacuum-pumps,  and  the  gas  so  generated 
is  again  licjuefied  by  the  aid  of  condensing  pumps.  Solutions  of 
l>rine  arc  ccK)led  by  this  rapid  evaporation,  and  the  chilled  brine 
then  circulates  through  coils  of  pipes,  it  may  be,  to  long  distances 
from  the  pumping  machinery. 

Condensation  of  Vapors. — This  is  the  reverse  of  evaporation. 
It  takes  place  whenever  the  temperature  of  the  vapor  drops  below 
the  boiling-point  of  the  liquid.  It  may,  however,  be  also  effected 
by  pressure  or  because  of  the  chemical  affinity  of  the  vapors  for 
some  othiT  substance.  By  combining  the  influences  of  cooling 
and  pressure,  the  most  volatile  of  vapors  have  been  condensed. 
The  so-called  **  permanent  gases,"  which  until  within  a  few  years 
resisted  all  efforts  at  condensation,  have  now  been  liquefied  by 
('omhining  great  cold  with  powerful  pressure.  Illustrations  of 
this  will  he  found  under  Hydrogen  and  Oxygen. 

Distillation  is  an   operation  by  which,  taking  ad\'antage  of 


B'/iling  onder  reduced  pressure. 
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the  volatility  of  a  liquid,  we  may  separate  it  from  dissolved  or 
admixed  solids  or  other  liquids  of  h^her  boiling  point.  To  do  this 
it  is  vaporized  by  heat, 

and    this  vapor,   after  '■^'  **■ 

separation  from  the  ad- 
mixed materia],  is  con- 
densed by  itself  and 
obtained  as  a  more  or 
less  pure  liquid.  This 
is  commonly  effected 
in  what  is  tenned  a 
still,  a  fonn  of  which  is 
shown  in  Fig.  20.  It 
consists  essentially  of 
three  parts:  the  6ody 
of  the  still,  a  vessel  of 
copper,  or  of  copper 
tinned  over  the  inside 
sur^ce ;  the  head  or 
helm,  which  fits  on  the  Rcmfngion  nm. 

body,    and    from    one 

side  of  which  a  tube  goes  to  the  condenser  or  worm,  or,  as  in  the 
illustration,  the  condenser  and  the  head  of  the  still  may  be  fin- 
ished in  one  piece.  The  condenser  or  worm  consists  of  a  tube  or 
series  of  tubes  around  which  cold  water  is  kept  flowing  in  order  to 
effect  the  condensation  of  the  heated  vapors  as  they  come  over. 
In  this  way  water  may  be  separated  from  the  impurities,  both 
gaseous  and  solid,  which  it  contains,  and  the  product  is  known 
as  "distilled  water,"  the  purest  form  for  chemical  and  pharma- 
ceutical purposes.  Alcohol  or  ether  may  be  recovered  from 
various  solutions  after  they  have  been  used  as  solvents  to  extract 
some  valuable  constituent  from  a  crude  drug.  In  manufacturing 
operations  the  same  principle  is  utilized  on  an  immense  scale,  as 
in  petroleum  refining,  where  fractional  distillation  is  the  means 
adopted  to  separate  the  various  components  of  the  mixture  known 
as  crude  petroleum,  and  in  the  preparation  of  alcohol  and  alco- 
holic liquors  from  the  products  of  fermentation. 

IV.    Transmission  of  Heat. 

Both  the  heat  and  the  light  vibrations  travel  through  ether 

from  the  source  of  heat  or  light  without  raising  the  temperature 

of  the  intervening  space.     When  they  strike  upon  a  body  to 
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come  heated  sufficiently  to  injure  the  books  and  papers  that  the 
safe  may  contain.  Snow  is  a  bad  conductor  of  heat,  and  a  layer 
of  snow  is  capable  of  keeping  the  earth  under  it  warm. 

2.  Radiation  of  Heat. — That  the  heat  rays  emanating  from 
a  source  of  heat  are  propagated  through  space  without  heating 
it  is  shown  when  a  screen  is  interposed  in  the  path  of  the  rays. 
The  sensation  of  heat  at  once  disappears,  as  the  surrounding  air 
has  not  been  heated  to  any  notable  degree  by  the  heat  rays  pass- 
ing through  it.  That  radiant  heat  is  propagated  in  vacuo  can 
also  be  shown  by  experiment,  and  is  in  accordance  with  proba- 
bility, as  the  radiant  heat  of  the  sun  comes  to  us  through  space 
outside  of  the  earth's  atmosphere. 

Of  the  laws  governing  the  intensity  of  radiant  heat  we  need 
only  note  the  one  that  the  intensity  is  inversely  as  the  square  of 
the  distance.  We  will  see  later  that  this  accords  exactly  with  the 
observation  of  the  nature  of  the  light  rays,  and  shows  the  close 
relationship  between  them.  Radiant  heat,  when  it  strikes  upon 
a  body,  may  be  reflected,  diffused,  absorbed,  or  transmitted. 
From  polished  surfaces,  whether  plane  or  curved,  the  heat  rays 
are  reflected  or  thrown  back.  But  this  reflection  is  never  com- 
plete. Some  of  the  rays  are  irregularly  reflected  or  diffused. 
On  the  other  hand,  bodies  which  are  poor  reflectors  absorb  the 
heat  rays  in  large  amount.  Such  bodies,  like  lampblack,  white 
lead,  and  other  finely-divided  substances,  absorb  the  bulk  of  the 
rays  which  strike  upon  them.  Among  transparent  substances,  a 
notable  difference  exists  in  the  readiness  with  which  they  transmit 
the  heat  rays.  Rock-salt  in  transparent  plates  transmits  the  heat 
rays  very  perfectly  ;  alum,  on  the  other  hand,  absorbs  the  rays 
and  transmits  very  little. 

3.  Convection. — Liquids,  as  before  stated  and  illustrated,  are 
poor  conductors  of  heat.  When  heat  is  applied  to  a  liquid  like 
water,  the  conductivity  is  so  slight  that,  as  shown  in  Fig.  21,  ice 
or  snow  contained  in  the  same  vessel  will  not  be  melted,  although 
the  water  may  be  brought  to  boiling  at  the  top  of  the  vessel.  It 
is  different,  however,  when  heat  is  applied  at  the  bottom  of  a 
vessel  containing  water  or  other  liquid.  The  layer  of  the  liquid 
nearest  the  point  where  the  heat  is  applied  becomes  heated  and 
at  once  moves  upward,  while  a  current  of  colder  liquid  moves 
downward  to  take  its  place.  It  is  by  these  currents,  which  move 
the  particles  of  the  liquid  from  one  place  to  another  continuously, 
that  the  heat  is  mainly  distributed,  and  not  by  the  conductivity 
of  the  liquid.     These  ascending  and  descending  currents  may  be 
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CHAPTER   IV. 

RADIANT   ENERGY.— II.  Light. 

I.    Nature  of  Light. 

I.  Comparison  of  Heat  and   Light. — We  have  already 
spoken  of  the  undulations  or  vibrations  which,  radiating  out 
from  sources  of  light  like  the  sun,  are  communicated  to  the  ether 
which  fills  space,  and  are  thus  propagated  until  they  strike  upon 
bodies  whose  molecules  are  capable  of  taking  up  the  vibrations 
and  developing  what  we  call  heat  energy.     We  saw  also  that 
chemical  combination  or  combustion,  friction,  and  other  causes 
were  capable  of  initiating  these  vibrations  and  serving  as  sources 
of  heat.     The  sun,  the  great  source  of  these  heat  vibrations,  and 
most  other  sources  of  heat,  are  also  capable  of  radiatmg  undula- 
tions of  a  more  systematic,  wave-like  character,  which  have  one 
or  both  of  two  different  effects.     They  may  act  upon  the  retina 
of  the  eye,  and  when  communicated  by  the  optic  nerve  may 
produce  upon  the  brain  the  sensation  of  vision,  or  they  may  act 
upon  certain  chemical  salts,  decomposing  them,  because  of  what 
is  called  actinic  power.     Most  generally,  sources  of  heat  become 
sources  of  light  when  the  molecular  vibration   becomes   more 
rapid,  as  the  light  undulations  are  more  rapid  and  of  shorter 
wave-length  than  the  heat  rays.     Thus,  a  bar  of  metal,  when 
heated,  gives  off  at  first  only  heat  vibrations  recognizable  by  the 
rise  in  temperature.     After  a  time  a  red  glow  begins  to  appear 
and  light  ray!^  of  greatest  length  and  slowest  time  of  vibration 
are  emitted.     When  the  iron  is  still  further  heated  it  becomes 
white-hot,  and  the  waves  are  now  of  shortest  wave-length  and 
quickest  vibration.     The  range  of  wave-lengths  for  light  rays  is 
not  large,  and,  according  to  the  most  careful  calculation,  varies 
only  from  .0006271  of  an  inch  for  the  B  line  in  the  red  of  the 
spectrum  (see  p.  72)  to  .0000155  o^  ^^  i"ch  for  the  h  line  in  the 
violet      Beyond  the  violet  end  of  the  spectrum,  however,  are 
many  rays  of  still  shorter  wave-length,  which  do  not  affect  the 
optic  nerve,  but  have  strong  actinic  value.     The  sun  is  the  great 
source  of  radiation  for  all  these  undulations,  and  emits  the  widest 
variety  of  heat,  light,  and  actinic  rays. 
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A  luminous  body  is  one  which  emits  light  rays.  Bodies  may 
be  self-luminous  or  original  sources  of  light,  like  the  sun,  a  candle- 
flame  or  gas-jet,  and  a  fire-fly,  or  merely  illuminated  bodies  which 
shine  by  reflected  light,  like  the  moon,  and  bodies  lighted  by 
ordinary  daylight. 

Transparent  bodies  are  those  which  readily  transmit  the  lu- 
minous rays.  Translucent  bodies  transmit  light  less  readily,  so 
that  at  most  the  outlines  of  bodies  can  be  seen  through  them. 
Opaque  bodies  do  not  transmit  light  at  all,  and  cut  off"  the  light 
rays  completely.  Some  bodies,  like  metals,  which  are  opaque 
in  bulk,  become  translucent  or  even  transparent  when  in  very 
thin  layers.  A  shadow  is  the  space  where  the  light  rays  have 
been  intercepted  by  an  opaque  body  lying  in  their  path. 
.  2.  Transmission,  Velocity,  and  Intensity  of  Light. — In 
a  homogeneous  medium  the  light  rays  are  always  propagated  in 
a  straight  line.  This  is  illustrated  when  a  beam  of  sunlight  enters 
a  dark  room.  Its  path  is  revealed  by  illuminated  particles  of 
dust  and  shown  to  be  in  a  straight  line. 

Light  travels  through  space  with  great  velocity.  Accurate 
observations  made  by  astronomers  have  allowed  this  velocity  to 
be  calculated  with  considerable  exactness.  It  has  been  found  to 
be  about  186,000  miles  in  a  second.  Determinations  by  physical 
methods  have  confirmed  these  figures. 

The  intensity  of  illumination  on  a  given  surface  is  inversely  as 
the  square  of  its  distance  from  the  source  of  light.  That  is,  a 
given  unit  of  surface  at  twice  the  distance  from  the  source  of  light 
of  another  surface  will  receive  one-fourth  the  light. 

Photometers  are  instruments  for  measuring  the  relative  inten- 
sities of  light.  The  form  in  common  use  is  the  Bunsen  or  bar 
photometer.  It  consists  of  a  screen  of  paper  mounted  in  a  box 
which  slides  to  and  fro  on  a  graduated  bar.  The  paper  screen 
has  a  central  spot  saturated  with  paraffine.  Fixed  at  one  end  of 
the  bar  is  a  standard  light,  usually  a  sperm  candle,  of  definite 
weight,  while  the  light  to  be  compared  is  placed  at  the  other  end 
of  the  bar.  If  the  two  lights  are  of  equal  intensity,  the  grease- 
spot  does  not  show  on  the  paper.  When  one  side  is  more 
strongly  illuminated  the  spot  appears  dark  on  that  side  and  light 
on  the  other.  It  is  then  necessary  to  move  the  box  containing 
the  paper  screen  until  the  spot  just  becomes  invisible.  Its  po- 
sition on  the  bar  is  then  noted,  and  the  relative  distance  from  the 
two  ends  taken  for  the  calculation.  The  result  is  usually  referred 
to  a  standard  candle  and  expressed  in  what  is  called  candle-power. 
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II.     Reflection  of  Light. 

We  have  before  spoken  of  the  path  of  a  ray  of  light  entering 
a  dark  room,  as  shown  by  the  illuminated  particles  of  dust,  to  be 
a  straight  line.  If  this  ray  strike  obliquely  upon  a  horizontally 
placed  mirror  or  polished  surface,  we  will  also  notice  that  a  ray 
of  light  is  thrown  off  or  reflected  from  the  mirror,  and  on  meas- 
uring the  angle  made  by  the  entering  ray  and  the  horizontal 
mirror,  and  that  made  by  the  reflected  ray  and  the  mirror,  they 
will  be  found  to  be  equal.  From  the  experiment  we  may  deduce 
the  following  two  laws  of  the  reflection  of  light : 

1.  The  angle  of  reflection  is  equal  to  the  angle  of  incidence. 

2.  The  incident  and  the  reflected  ray  are  both  in  the  same 
plane,  which  is  perpendicular  to  the  reflecting  surface. 

Not  all  of  the  light  of  the  incident  ray  or  beam  is,  however, 
reflected  in  this  way.  Unless  the  reflecting  surface  be  an  abso- 
lutely smooth  one,  some  of  the  light  is  irregularly  reflected  or 
difiused.  It  is  this  which  enables  us  to  see  objects.  The  light 
which  &lls  upon  a  sheet  of  paper  is  scattered  or  diflused,  so  as  to 
render  it  visible  in  all  directions.  If  a  reflecting  surface  were 
absolutely  smooth,  it  would  be  invisible.  We  would  simply  see 
m  it  the  image  of  other  objects.  Objects  about  us  are  thus  illu- 
minated by  the  diflused  light  reflected  from  the  clouds,  the  air, 
and  other  surfaces,  and  so  they  become  visible,  although  they 
may  not  receive  the  direct  rays  of  light  fi'om  the  sun.  There 
are  in  &ct  many  days  when,  on  account  of  clouds,  our  illumina- 
tion comes  wholly  from  this  irregularly  reflected  or  difiused 
light 

Reflection  of  Light  from  Polished  Surfaces. — Mirrors 
are  bodies  with  polished  surfaces  which  are  employed  to  show  by 
reflection  objects  placed  before  them.  Images  of  the  objects  are 
thus  formed.  The  development  of  these  in  the  case  of  plane 
uiirrors  is  very  simple.  The  rays  of  light  coming  from  the  ob- 
ject before  the  mirror  make  with  the  latter  an  angle  of  reflection 
^ual  to  the  angle  of  incidence,  and  so  come  to  the  eye.  But 
^  eye  always  sees  objects  in  the  direction  from  which  the  rays 
f^  it,  so  that  the  image  appears  in  the  prolongation  of  the 
^ected  ray,  and  at  a  distance  back  of  the  mirror  exactly  equal 
to  that  of  the  object  from,  it  in  the  other  direction.  The  image, 
therefore,  is  not  a  real  one  formed  by  the  reflected  rays  them- 
•dves,  but  an  apparent  or  virtual  image  only.  It  is  also  a  re- 
^^ersed  image  as  regards  right  and  left,  as  is  shown  when  printed 
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matter  is  held  before  a  mirror.  Wood-cuts  and  type  must  there- 
fore be  made  in  reversed  position.  When  these  are  held  before 
a  mirror  the  image  shows  as  a  printed  impression  from  the  type 
will  appear. 

The  ordinary  glass  mirror  has  in  reality  two  reflecting  surfaces, 
that  of  the  glass  and  that  of  the  metallic  backing  of  the  glass. 
Ordinarily  we  see  only  the  one  image,  because  the  metallic  back- 
ing is  a  much  better  reflector  than  the  glass  surface,  but  we  can 
readily  get  the  double  image  by  placing  the  point  of  a  pencil 
against  the  glass  surface,  when  the  double  image  allows  us  to 
judge  of  the  thickness  of  the  glass. 

Transparent  bodies  the  surface  ol  which  is  smooth  may  reflect 
light  quite  regularly  at  times,  and  so  form  distinct  images.  An 
illustration  of  this  is  seen  in  the  reflection  of  foliage  and  other 
objects  in  the  still  waters  of  a  clear  stream  or  pond. 

All  the  images  thus  far  spoken  of  have  been  formed  with  plane 
mirrors,  and  have  been  virtual  images.  With  concave  mirrors 
of  glass  or  polished  metal  the  reflected  rays  themselves  may  be 
made  to  unite  to  form  an  image,  which  is  therefore  a  real  image 
and  is  seen  on  the  same  side  of  the  mirror  as  the  object  itsel£ 
This  image,  formed  by  the  reflection  of  the  rays  themselves,  will, 
however,  be  inverted,  because  the  rays  from  different  parts  of  the 
object  after  reflection  must  assume  relatively  reversed  positions 
with  reference  to  each  other.  The  focus  of  a  spherical  concave 
mirror  is  a  point  to  which  the  reflected  rays  tend  to  converge. 
If  the  incident  rays  are  parallel  to  the  axis  of  the  spherical  mirror, 
the  focus  is  called  the  principal  focus.  When  the  object  is  farther 
from  the  mirror  than  the  principal  focus,  the  image  will  be  in- 
verted and  real,  as  well  as  smaller  than  the  object ;  when  the 
object  is  between  the  principal  focus  and  the  mirror,  the  image  is 
virtual  and  erect,  as  well  as  larger  than  the  object. 

With  convex  mirrors  we  have  virtual  images  only,  appearing 
behind  the  mirror,  erect  and  smaller  than  the  object. 

III.     Refraction  of  Light. 

I.  Theory  of  Refraction. — When  light  passes  obliquely  from 
one  transparent  medium  into  another  of  different  density,  as  from 
air  to  water,  it  is  bent  from  its  course,  or  refracted.  The  rule 
for  this  refraction  is  simply  stated.  When  light  passes  from  one 
medium  into  a  denser  medium,  it  is  bent  toward  a  perpendicular 
line  ;  when  it  passes  into  a  rarer  medium  it  is  bent  away  from  the 
perpendicular  line. 


RADIANT   ENERGY— LIGHT. 


67 


A  B 

Refraction  of  light. 


The  phenomena  of  refraction  may  be  illustrated  in  the  experi- 
ment shown  in  Fig.  22.  A  water-tight  rectangular  box  is  con- 
structed, of  which  one  side  is  a  plate  of  glass.  Place  this  in  a 
dark  room  and  allow  a  slender  beam  of  light,  s,  to  enter  in  such 
direction  that  it  will  just  pass  over  the  edge  of  the  box  at  c, 
making  the  line  A,  c,  s.  Fill  the  box  with  water  and  make  this 
slightly  cloudy  with  a  few  drops  of  an  alcoholic  solution  of  mastic 
or  sandarac.  The  beam  of  light  will  now  be  bent  at  the  surface 
of  the  water,  and  will 

take  the  direction  B,  c,  ^^°*  ^^'  g 

s.  As  it  passes  from 
the  lighter  medium  air 
into  the  denser  medium 
water,  it  is  bent  toward 
a  line  perpendicular  to 
the  surface. 

Numerous  familiar  il- 
lustrations of  the  phe- 
nomena of  refraction  may  be  cited.  If  we  place  a  coin  in  the 
bottom  of  a  basin  in  such  position  that  it  is  just  hidden  by  the 
edge  of  the  basin  from  the  observer  looking  obliquely  from  the 
side,  and  then  pour  water  into  the  basin,  the  coin  becomes  visi- 
ble. The  reflected  rays  of  light  on  emerging  from  the  water  into 
air  are  bent  away  from  the  perpendicular,  and  as  the  eye  sees  the 
object  in  the  prolongation  of  the  ray  which  reaches  it,  we  seem  to 
see  the  coin  at  a  point  on  the  bottom  beyond  its  true  position.  If 
one  stand  in  a  pool  of  clear  water,  the  depth  of  which  is  every- 
where the  same,  the  bottom  will  appear  to  curve  upward  on  all 
sides  and  the  water  deepest  just  below  the  eye  of  the  observer. 
A  few  feet  distant,  water  four  or  five  feet  deep  may  seem  not  over 
a  foot  in  depth.  If,  however,  the  bottom  seems  flat,  the  water 
would  grow  deeper  as  one  walked  outward  from  the  point  of 
observation.  The  danger  of  such  a  deceptive  appearance  is 
obvious. 

The  angle  made  by  the  incident  ray  of  light  with  the  per- 
p>endicular  is  called  the  ang/e  of  incidence  ;  that  made  by  the 
refracted  ray  with  the  perpendicular  is  called  the  angle  of 
refraction.  The  ratio  between  the  lines  of  these  two  angles 
is  called  the  index  of  refraction,  and  varies,  of  course,  with  the 
media. 

When  light  passes  from  a  denser  into  a  rarer  medium  the  angle 
of  refraction  is  greater  than  the  angle  of  incidence.     When,  in 
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such  a  case,  the  angle  of  refraction  becomes  90°,  the  angle  of  inci- 
dence is  called  the  critical  angle ^  because  when  the  angle  of  refrac- 
tion becomes  greater  than  90°  the  refracted  ray  will  not  emerge, 
but  will  be  reflected  back  again  from  the  surface  of  the  denser 
medium.  This  is  called  total  reflection,  and  is  more  complete 
than  the  ordinary  reflection  of  light,  where,  because  of  the  im- 
perfection of  the  reflecting  surface,  some  light  is  always  irregularly 
reflected  or  diffused.  The  phenomena  of  total  reflection  can  be 
easily  shown  by  means  of  a  glass  cube,  such  as  is  often  used  for 
a  paper-weight  or  inkstand.  Objects  below  the  cube  are  invisible 
through  the  side  faces,  because  of  this  total  reflection.  Similar 
effects  of  total  reflection  of  the  images  of  objects  contained  in 
aquaria  are  frequently  observed,  and  add  greatly  to  the  interest 
of  their  appearance. 

The  mirage  seen  in  the  desert  and  at  times  at  sea  is  an  optical 
illusion,  by  which  inverted  images  of  distant  objects  are  seen  as 
if  below  the  ground  or  in  the  atmosphere,  and  is  based  upon 
the  fact  of  total  reflection,  owing  to  the  unequal  density  of  the 
several  layers  of  the  atmosphere  through  which  the  rays  of  light 
pass. 

2.  Prisms  and  Lenses. — A  prism  is  any  transparent  refract- 
ing medium  bounded  by  planes  inclined  to  each  other.  The 
angle  made  by  the  two  sides  through  which  the  light  enters  and 
emerges  is  called  the  angle  of  refraction  of  the  prism.  Both  flint 
and  crown  glass  are  in  use  as  materials  for  prisms,  but  the  former 
possesses  the  higher  refracting  power.  We  may  note  two  effects 
of  prisms  upon  light  passing  through  them, — 

1.  Light  of  any  kind  is  refracted  or  bent  out  of  its  course. 

2.  White  light  is  dispersed  into  a  band  or  spectrum  of  colors. 
This  second  effect  will  be  noted  later  under  another  heading. 

Lenses  are  transparent  media,  usually  of  glass,  which  from  the 
curvature  of  their  surfaces  have  the  power  of  causing  luminous 
rays  either  to  converge  or  diverge.  The  combination  of  spherical 
surfaces,  either  with  each  other  or  with  plane  surfaces,  gives  rise 
to  six  kinds  of  lenses,  which  are  illustrated  in  Fig.  23.  A  is  a 
double  convex y  B  di  plano-convex ,  c  a  concavo-convex  or  converg- 
ing tneniscus,  D  a  double  concave,  E  a  plano-concave,  and  F  a 
convexo-concave  or  diverging  meniscus. 

The  first  three,  which  are  thicker  in  the  centre  than  on  the 
edges,  are  converging  in  their  effect  on  rays  of  light ;  the  others, 
which  are  thinner  in  the  centre,  are  diverging. 

A  double  convex  lens  will  bring  parallel  rays  to  a  point  called 
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^t  principal  focus.  The  distance  from  the  centre  of  the  lens 
to  this  point  is  called  the  focal  length  of  the  lens.  If,  however, 
the  rays  reaching  the  lens  are  not  parallel,  but  start  from  a  point 
a  little  beyond  the  principal  focus  of  the  lens,  they  will  be  focussed 
K)  a  point  on  the  other  side  of  the  lens  farther  than  the  principal 
focus.  In  this  case  the  point  of  origin  of  the  rays  and  the  point 
to  which  they  are  focussed  constitute  conjugate  foci  of  the  lens. 

Fig.  23. 


When  the  double  convex  lens  is  used  to  examine  an  object 
placed  on  the  op[>osite  side  of  the  lens  from  the  observer,  but 
vithin  the  principal  focal  distance,  an  erect  and  magnified  image 
of  the  object  will  be  seen.  This  is  the  use  we  ordinarily  make  of 
amagniiying  or  reading  lens.  It  constitutes  the  simple  microscope. 
The  eye  and  the  object  must  in  this  case  be  in  the  conjugate  foe! 
of  the  lens  for  distinct  vision,  and  as  the  lens  is  moved  near  the 
object  the  eye  must  recede.  If,  however,  an  object  like  a  candle- 
flame  be  placed  beyond  the  principal  focus  of  the  lens,  there  will 
be  formed  on  the  other  side  of  the  lens,  and  can  be  received  on  a 
screen,  a  real  but  inverted  image  of  the  candle-flame.  If  the  ob- 
ject be  so  distant  that  the  rays  from  it  come  approximately  paral- 
lel, the  rays  will  converge  to  a  small  but  distinct  image  in  the 
principal  focus  of  the  lens.  This  is  shown  when  we  use  a  double 
convex  lens  as  a  burning-glass  and  focus  the  rays  of  the  sun  to  a 
point,  which  is  a  small  but  distinct  image  of  the  sun  itself.  With 
double  concave  lenses,  which  cause  the  rays  of  light  to  diverge, 
virtual  images  only  are  formed,  whatever  the  distance  of  the  ob- 
ject They  are  on  the  same  side  of  the  lens  as  the  object,  are 
erect,  and  smaller  than  it. 

3.  Decomposition  of  White  Light— Spectrum, — We 
have  already  referred  to  the  (act  that  the  effect  of  a  prism  upon  a 
beam  of  light  passing  through  it  is  twofold, — that,  in  addition  to 
the  refraction  or  bending  from  its  course,  white  light  is  decom- 
posed into  a  series  of  colored  rays.  The  explanation  of  this  is, 
that  the  rays  which  make  up  solar  and  other  varieties  of  white 
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light  are  not  equally  refrangible,  and  hence  in  passing  through  a 
prism  they  are  dispersed  and  form  a  band  of  colors  known  as  a 
spectrum.     This  is  illustrated  in  Fig.  24. 

If  a  beam  of  white  light,  5,  be  allowed  to  strike  upon  a  prism, 
p,  it  is  all  refracted,  but  the  component  parts  are  refracted  in  dif- 
ferent degrees,  the  red  rays  least,  the  orange  next,  and  then  the 


yellow,  green,  blue,  indigo,  and  violet  in  the  order  named.  The 
result  is  that,  instead  of  a  spot  of  white  light  appearing  on  the 
floor,  E,  a  band  of  seven  colors  appears  upon  the  wall  or  a  screen 
placed  at  a  height  above  the  floor.  This  band  is,  in  reality,  a 
series  of  overlapping  images  of  the  sun,  which  can  be  again 
superposed  by  means  of  a  double  convex  lens,  when  there  will 
appear  in  the  focus  of  the  lens  a  white  spot. 

While  the  colors  of  the  solar  spectrum  merge  imperceptibly 
into  each  other,  so  that  many  tints  might  be  said  to  exist,  the 
colors  c;mnot  be  decomposed  hirther,  as  when  the  red  rays  or  any 
of  the  others  taken  singly  are  passed  through  a  second  prism  they 
are  uniformly  rcfracteil  and  give  a  spot  of  red  or  other  color. 
These  colors  are,  therefore,  homogeneous,  and  light  composed 
of  them  is  known  as  monochromatic  light. 

The  seven  colors  of  the  spectrum  may  be  reunited  to  form 
white  light  in  a  variety  of  ways.      If  the  spectrum  formed  by  one 
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prism  be  allowed  to  fall  upon  a  second  prism  of  the  same  material 
and  the  same  refracting  angle  as  the  first,  but  inverted,  the  latter 
reunites  the  several  colors  and  the  emergent  pencil  is  colorless. 
A  concave  mirror  upon  which  the  spectrum  may  be  cast  will  also 
reunite  the  colors,  and  a  white  spot  will  be  formed  in  the  focus  of 
the  mirror. 

The  recomposition  of  white  light  from  the  colors  of  the  spec- 
trum may  be  shown  most  strikingly  by  the  aid  of  Newton's  disk. 
This  b  a  card-board  disk  about  a  foot  in  diameter,  on  which  are 
pasted  alternate  segments  of  colored  paper  in  the  order  of  the 
colors  of  the  spectrum.  When  this  is  rotated  rapidly,  the  eye 
receives  the  impression  of  white  light,  beaiusc  the  color  impres- 
sions succeed  each  other  upon  the  retina  so  rapidly  that  they  are 
superposed,  and  the  impression  is  that  of  white  light  only. 

Complementary  Colors. — While  the  combination  of  all  the 
colors  of  die  Newton's  disk  produces  white  light,  we  may  by  the 
combination  of  individual  colors  get  numerous  composite  shades. 
Thus,  if  we  remove  the  red  from  the  set  of  colors,  on  combining 
the  remaining  colors  we  get  a  bluish-green.  This  is  then  said  to 
be  the  complementary  color  to  red,  because  when  united  with  it 
white  is  produced.  Similarly,  purple  is  the  complementary  color 
to  green,  and  an  ultramarine  blue  to  the  yellow. 

It  must  not  be  understood  that  two  pigments  showing  such 
colors  complementary  to  each  other  when  mixed  yield  a  white 
product,  but  that  the  two  color  impressions  when  superposed  give 
the  effect  of  white  light.  Thus,  if  chrome-yellow  and  ultramarine 
blue  be  mixed,  the  result  will  be  a  green  pigment,  while  a  yellow 
and  a  blue  light  combine  to  give  us  white  as  the  resultant. 

The  color  of  bodies  depends  upon  the  manner  in  which  they 
act  upon  white  light.  A  portion  of  the  rays  is  absorbed,  and 
that  which  remains  determines  the  color  of  the  body.  If  the  un- 
absorbed  rays  traverse  the  body,  it  is  colored  and  transparent ; 
if,  on  the  contrary,  they  are  reflected,  the  body  is  colored  and 
opaque. 

4.  Spectrum  Analysis — Spectroscope. — The  examination 
of  the  light  from  different  luminous  bodies  by  the  aid  of  a  prism 
has  led  to  important  discoveries  as  to  the  nature  of  the  light  and 
the  luminous  bodies.  This  study  has  been  made  possil:)le  by  the 
aid  of  the  spectroscope  first  proposed  by  Bunsen  and  Kirchhoff.. 
A  sectional  view  of  this  in.strument  is  given  in  Fig.  25.  TIu-  rays 
from  the  source  of  light,  G,  falling  upon  the  lens  a,  arc  made  to 
converge  at  b^  the  principal  focus  of  the  lens  c^  so  that  they  are 
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thrown  as  parallel  rays  upon  the  prism  p.  After  refraction,  they 
fall  upon  the  lens  x^  which  forms  a  real  and  reversed  image  of  the 
spectrum  at  i.  This  is  magnified  by  the  eye-piece  so  that  a  vir- 
tual image  is  formed  at  ss'  much  enlarged.  The  third  arm  of  the 
instrument,  c,  is  for  the  purpose  of  throwing  upon  the  prism,  and 
so  into  the  observing  telescope,  an  image  of  a  micrometer  scale 
which  has  been  photographed  upon  glass  at  ;i.  By  its  means  the 
relative  position  of  lines  or  bands  seen  in  the  spectrum  can  be 
determined. 

Fig.  25. 


Spectroscope. 


When  examined  by  the  aid  of  such  a  spectroscope,  we  find 
that  luminous  bodies  are  capable  of  yielding  three  different  kinds 
of  spectra. 

If  the  light  from  a  white-hot  solid  or  liquid  body  be  examined, 
a  continuous  band  of  all  the  colors  from  red  to  violet  will  be 
observed.  Such  a  spectrum  is  called  a  continuous  spectrum. 
When  the  glowing  body  is  in  the  condition  of  gas  or  vapor,  we 
have  a  series  of  bright  lint?s  or  bands  against  a  black  background. 
This  is  termed  a  bright-line  spectrum.  When,  however,  sunlight 
is  examined  by  the  spectroscope,  the  continuous  spectrum  appears 
crossed  by  hundreds  of  dark  lines.  The  light  from  the  fixed 
stars  is  similar,  and  such  spectra  are  called  absorption  spectra. 
The  dark  lines  of  the  solar  spectrum,  known  as  Fraunhofer's  lines, 
were  first  fully  explained  by  Bunsen  and  Kirchhoff,  who  proved 
that  many  of  thcni  corresponded  to  the  bright  lines  obtained  ia 


RADIANT  ENERGY.-LIGHT.  73 

the  Spectra  of  the  vapors  of  such  metals  as  sodium,  calcium, 
iron,  etc. 

They  therefore  suggested  the  following  explanation  of  the  solar 
spectrum.  The  sun  is  probably  an  intensely  glowing  solid  or 
liquid  mass.  This  would  give  a  continuous  spectrum  without 
either  bright  or  dark  lines.  But  the  glowing  mass  is  surrounded 
by  an  atmosphere  containing  cooler  (although  brillant)  metallic 
vapor.  This  vapor  would  absorb  light  of  the  same  kind  as  it 
emits,  and  hence  dark  lines  would  show  in  the  spectrum  in  the 
same  position  as  those  occupied  by  the  ordinary  bright  lines  of 
these  metallic  vapors.  This  theory  has  been  rendered  very  prob- 
able by  experiments  in  which  the  bright  lines  of  elements  like 
sodium  have  been  reversed  and  caused  to  appear  as  dark  lines  by 
passing  the  light  from  a  very  hot  sodium  flame  through  a  cooler 
flame  of  the  same  vapor.  We  can  also  increase  the  natural  ab- 
sorption by  causing  the  sun's  light  to  pass  through  more  sodium 
vapor  placed  in  front  of  the  spectroscope  slit. 

The  study  of  the  spectra  of  various  elements,  and  the  accurate 
mapping  of  the  dark  lines  of  the  solar  spectrum,  show  that  a 
large  number  of  the  metals  known  to  us  on  the  earth  occur  as 
vapors  in  the  sun's  atmosphere. 

With  the  aid  of  this  method  of  spectrum  analysis  chemists 
have  discovered  a  number  of  new  and  relatively  rare  metals,  such 
as  caesium,  rubidium,  thallium,  indium,  gallium,  and  scandium. 
It  has  also  furnished  an  invaluable  means  of  detecting  impurities 
in  chemical  preparations  which  would  otherwise  escape  notice. 

Absorption  spectra  of  a  somewhat  different  character  are  also 
obtained  when  solutions  of  coloring  matters  like  chlorophyll, 
haematein,  etc.,  are  placed  in  glass  cells  and  interposed  between 
a  source  of  light  and  the  slit  of  the  spectroscope.  Broad  absorp- 
tion bands  show,  extinguishing  at  times  the  whole  violet  end  of 
the  spectrum. 

IV.  Optical  Instruments  based  upon  the  lJse  of  Lenses. 

z.  The  Microscope. — ^The  simple  microscope,  as  we  have 
seen,  is  merely  a  double  convex  lens  of  short  focus,  by  means  of 
which  we  can  look  at  objects  placed  between  the  lens  and  its 
principal  focus.  The  image  produced  is  an  erect  and  magnified 
virtual  image  of  the  object  In  the  simple  microscope  the  measure 
of  the  linear  ms^nification  produced  is  the  ratio  of  the  apparent 
diameter  of  the  image  to  that  of  the  object,  while  the  superficial 
magnification  is  the  square  of  this  ratio. 
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Fig.  26. 
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scope  consists  essentially  of  two  condensing  lenses :  one  with 
extremely  short  focus,  called  the  object-glass  or  objective,  because 
it  comes  down  immediately  over  the  object ;  the  other  acts  simply 
as  a  means  of  magnifying  the  image  formed  by  the  first  and  is 

called  the  eye-piece.  The  method 
of  combining  these  lenses  and  the 
formation  of  images  by  means  of 
them  is  illustrated  in  Fig.  26.  In 
this  case  the  objective,  <?,  consists  of 
three  small  condensing  lenses,  which 
together  act  like  a  single  very  power- 
ful lens.  The  object  is  placed  at  /, 
and  the  rays,  passing  through  an 
additional  lens  at  n,  inserted  here  to 
render  the  image  achromatic,  form  a 
real  and  magnified  image  at  aa\ 
This  image  is  then  magnified  by  the 
lens  o  and  a  much  magnified  virtual 
image  is  formed  at  A  a'.  The  two 
lenses,  n  and  o,  together  constitute 
in  this  case  the  eye-piece,  just  as  the 
three  small  lenses,  <?,  constitute  the 
objective.  The  magnifying  power 
of  the  compound  microscope  is  ob- 
tained by  multiplying  the  magnify- 
ing power  of  the  objective  by  that 
of  the  eye-piece.  Thus,  if  the  mag- 
nifying power  of  the  lens  o  is  50 
diameters  and  that  of  the  lens  o  is  4  diameters,  the  image  seen 
will  be  magnified  200  diameters,  or  the  superficial  enlargement 
will  be  40,000  times  the  natural  size  of  the  object.  The  degree 
of  magnification  is  often  determined  experimentally  by  means  of 
a  micrometer  eye-piece  fitted  to  the  microscope. 

2.  The  Telescope  is  an  instrument  for  viewing  distant  objects. 
In  the  astronomical  telescope  the  rays  come  to  the  lens  approxi- 
mately parallel.  They  may  be  received  upon  a  double  convex 
lens  and  brought  together  in  the  principal  focus  of  the  lens,  or 
upon  a  concave  metallic  mirror,  in  the  focus  of  which  the  image 
is  formed.  The  former  constitutes  the  refracting,  the  latter  the 
reflecting  telescope.  In  the  former  the  double  convex  lens, 
which  is  known  as  the  object-glass,  forms  an  inverted  image  of 
the  heavenly  body  between  the  eye-piece  and  its  principal  focus. 


Compound  microscope. 
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The  image  is  then  magnified  by  the  plano-convex  lens  serving  as 
e>-e-piece.  As  there  is  no  magnification  except  by  the  eye-piece, 
this  ought  to  be  of  very  short  focal  length.  In  the  refracting 
telescope  the  object-glass  is  made  as  large  as  possible  and  must 
be  achromatic, — that  is,  a  combination  of  a  double  convex  lens 
of  crown  glass  with  a  concave  lens  of  flint  glass.  In  this  way 
the  dispersion  of  one  lens  is  corrected  by  the  opf)osite  dispersion 
of  the  other,  and  the  result  b  a  colorless  image. 

The  great  Lick  telescope  in  California  has  an  object-glass 
thirty-six  inches  in  diameter  and  a  focal  length  of  forty-seven 
feet,  costing  over  $50,000,  and  has  a  magnifying  power  ranging 
from  180  to  3000  diameters.  It  is  now  exceeded  in  size  by  the 
Yerkes  telescope  belonging  to  the  University  of  Chicago,  which 
has  an  object-glass  of  forty  inches  aperture  and  a  focal  length  of 
nearly  sixty-four  feet. 

The  reflecting  telescope  of  Newton  has  a  mirror  of  polished 
metal,  or  silvered  glass,  which  receives  the  parallel  rays.  These 
are  reflected  on  to  a  small  plane  mirror  set  in  the  tube  at  an  angle 
of  45°,  near  the  other  end  from  the  large  mirror,  and  by  this  are 
thrown  into  an  eye-piece  placed  in  the  side  of  the  telescope. 
The  great  reflecting  telescope  of  the  Elarl  of  Rosse  has  a  mirror 
or  speculum  six  feet  in  diameter. 

Still  another  form  of  telescope  is  the  Galilean,  which  is  one  of 
the  simplest,  as  it  consists  only  of  a  double  convex  lens  to  collect 
the  rays  and  cause  them  to  converge,  and  a  concave  lens  to 
intercept  them  and  form  an  erect,  virtual,  and  magnified  image 
of  the  distant  object.  This  form,  while  no  longer  used  for  astro- 
nomical purposes,  constitutes  the  modern  opera-glass. 

The  terrestrial  telescope,  or  spy-glass,  differs  from  the  astro- 
nomical telescope  in  having  two  additional  condensing  lenses 
which  restore  the  image  to  the  erect  position,  as  the  object-glass 
and  eye-piece  of  the  other  forms  give  us  an  inverted  image  only. 

3.  The  Lantern  and  Camera. — The  projecting  lantern,  or 
stereopticon,  is  used  for  throwing  magnified  images  on  a  screen 
in  a  darkened  room.  It  consists  of  a  closed  box  of  wood  or 
metal  in  which  is  placed  a  strong  oil  lamp  provided  with  a  reflector 
or  a  lime  light.  In  the  front  of  the  box  are  fixed  one  or  two 
plano-convex  lenses  which  converge  the  light  upon  the  lantern- 
slide,  which  is  a  photograph,  drawing,  or  painting  upon  glass. 
Beyond  this  a  double  convex  focussing  lens  is  placed  so  tiiat  the 
slide  shall  be  a  little  beyond  its  principal  focus.  The  lens  will 
then  produce  a  real,  inverted,  and  enlarged  image  upon  a  screen 
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placed  at  a  suitable  distance.  To  get  the  image  in  proper  position 
the  lantern-slide  is,  of  course,  put  in  an  inverted  position.  The 
image  on  the  screen  will  be  the  more  magnified  as  the  sUde  ap- 
proaches the  principal  focus  of  the  lens,  which  is,  therefore,  set 
so  as  to  be  moved  to  and  fi:o. 

In  the  photographic  camera  we  have  the  reverse  of  the  pro- 
jecting lantern.  It  is  a  dark  chamber  with  a  convex  lens  in  front 
and  a  screen  at  the  back  on  which  to  form  an  image  of  objects  in 
front  of  and  outside  of  the  camera.  This  image  is  real,  inverted, 
and  usually  smaller  than  the  object.  It  is  visible  to  the  operator 
back  of  the  camera,  as  the  screen  is  made  of  ground  glass,  which, 
when  side  light  is  shut  out,  is  semi-transparent.  In  order  to  form 
a  sharp  image  the  lens  is  given  a  movement  to  and  fro,  and  the 
screen  at  the  rear  of  the  camera  box  is  also  capable  of  a  forward 
and  backward  movement  by  means  of  a  rack  and  pinion.  When 
a  clearly  defined  image  is  obtained,  a  cap  is  put  in  front  of  the 
lens,  the  ground-glass  screen  is  removed,  and  a  plate-holder  con- 
taining a  sensitized  glass  plate  is  slipped  into  its  place.  This 
brings  the  photographic  plate  exactly  in  the  position  of  the 
screen,  and  the  image  will  be  cast  upon  it.  The  slide  in  front 
of  the  plate-holder  is  then  drawn  out  and  the  cap  removed  from 
the  lens,  when  the  reflected  rays  of  light  quickly  act  upon  the 
sensitive  surface. 

Photographic  Processes. — The  plates  used  at  present  in  photo- 
graphic processes  are  of  two  kinds:  the  *'wet  plates,"  with  a 
film  of  collodion  carrying  the  sensitive  salt  of  silver,  and  the 
**dry  plates,"  coated  with  an  emulsion  of  gelatin  and  bromide 
or  chloride  of  silver.  To  prepare  the  former,  a  glass  plate  is 
carefully  cleaned  and  then  a  solution  of  collodion  impregnated 
with  iodide  of  ammonium  or  cadmium  is  poured  upon  it  and 
allowed  to  flow  to  and  fro  until  the  plate  is  uniformly  coated. 
The  plate  is  then  immersed  for  about  a  minute  in  a  bath  of  nitrate 
of  silver  containing  thirty  grains  of  the  salt  to  an  ounce  of  water. 
This  latter  operation,  called  the  saisitizing,  must  be  performed 
in  a  dark  room.  The  plate  is  then  allowed  to  drain  and  is  placed 
in  the  frame  for  use  in  the  camera.  The  dry  plates  are  more 
generally  used  at  present,  because  they  are  more  sensitive  than 
the  others  and  can  be  prepared  in  quantity  and  kept,  suitably 
preserved  from  light,  for  long  periods  of  time. 

On  removing  the  plate  from  the  plate-holder  in  the  dark  room 
after  the  exposure,  no  change  is  visible,  but  on  pouring  over  it 
a  developing  solution,  an   image  gradually  appears.      For  de- 
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veloping,  an  alkaline  solution  of  pyrogallic  acid  or  a  solution  of 
ferrous  sulphate  and  an  oxalate  are  generally  used,  although 
many  organic  compounds,  like  hydroquinone,  are  also  found  to 
act  as  developers.  When  th'?  image  has  been  sufficiently  de- 
veloped, the  plate  is  washed  and  the  unchanged  iodide  or  bro- 
mide of  silver  is  dissolved  away  by  immersion  in  a  bath  of  sodium 
thiosulphate  (hyposulphite).  The  plate  is  then  again  washed, 
and  the  film  containing  the  image,  now  known  as  a  negative,  is 
dried  and  coated  with  a  thin  coating  of  transparent  varnish. 
From  this  negative  may  be  printed  positives  on  prepared  or 
sensitized  paper,  or  on  glass  suitable  for  lantern  slides. 

4*  The  Eye  as  an  Optical  Instrument. — The  human  eye 
is  a  camera,  and  the  retina  the  sensitive  surface  upon  which 
images  are  constantly  formed  to  be  communicated  by  the  optic 
nerve  to  the  brain. 

The  outer  covering  of  the  eyeball,  the  sclerotic  coatings  or  white 
of  the  eye,  is  quite  firm  and  constitutes  the  frame  of  this  camera. 
Inside  of  this  is  the  choroid  coating,  which  gives  to  the  interior 
of  the  eye  the  black  lining  necessary  for  absorbing  all  useless 
or  diffused  rays.  In  front  we  have  the  transparent  cornea,  set 
in  like  a  watch-crystal ;  the  colorless  and  transparent  aqueous 
humor,  filling  the  space  between  the  cornea  and  the  crystalline 
lens ;  and  back  of  this  the  jelly-like  vitreous  humor,  filling  the 
whole  remaining  cavity. 

In  fi-ont  of  the  crystalline  lens  we  have  the  iris,  a  diaphragm 
with  a  circular  opening  which  can  be  widened  or  contracted  at 
will  by  muscular  effort,  the  opening  constituting  ih^  pupil  of  the 
eye ;  and  spread  out  over  the  rear  of  the  cavity  is  the  retina, 
which  is  the  sensitive  plate  of  the  camera,  and  by  its  connection 
with  the  optic  nerve  conveys  its  impressions  to  the  brain. 

The  eye,  like  the  camera,  requires  to  be  focussed  according  to 
the  varying  distance  of  the  object.  This  is  effected  mainly  by  a 
change  in  the  curvature  of  the  front  of  the  lens.  For  instance, 
by  a  strong  pressure  of  the  ciliary  muscles  at  either  edge  of  the 
crystalline  lens  the  curvature  is  increased,  thus  accommodating 
the  eye  for  viewing  near  objects.  When  this  muscular  effort  is 
relaxed,  the  lens  again  becomes  flatter  and  is  in  adjustment  for 
more  distant  objects.  The  eye  is,  therefore,  rested  by  fixing  it 
on  objects  at  some  distance.  If  the  eye  be  now  considered  as  an 
optical  instrument,  we  will  see  that  its  crystalline  lens,  being  a 
double  convex  lens,  must  form  real  and  inverted  images  of  objects 
placed  before  us.     That  the  images  formed  on  the  retina  of  the 
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eye  are  inverted,  has  been  shown  experimentally  with  the  eyes 
of  albinos,  in  which,  on  account  of  the  absence  of  the  choroid 
coating,  the  image  is  visible.  That  the  brain  is  able  to  restore 
all  these  inverted  images  to  the  natural  position  without  apparent 
effort  is  due  mainly  to  training  and  the  aid  of  the  sense  of  touch, 
with  which  we  have  been  accustomed  to  aid  the  vision  from 
earliest  infancy. 

The  distance  of  distinct  vision  varies  greatly  in  different  indi- 
viduals. For  small  objects  like  print  the  normal  distance  is  from 
ten  to  twelve  inches. 

Persons  who  see  distinctly  only  at  a  short  distance  are  called 
near-sif^hted,  and  those  who  see  distinctly  only  at  a  long  distance 
are  called  longsighted.  The  usual  cause  of  near-sightedness  is  a 
too  great  convexity  of  the  cornea  or  the  crystalline  lens,  in  con- 
.sequence  of  which  the  rays,  instead  of  forming  an  image  on  the 
retina,  are  focussed  at  a  point  in  front  of  it.  The  remedy  is  found 
in  the  use  of  diverging  glasses,  which  tend  to  throw  the  focus 
farther  back  and  so  bring  it  upon  the  retina.  The  cause  of  long- 
sightedness is  an  insufficient  convergency  of  the  lens  of  the  eye 
and  consequent  fonnation  of  images  at  a  point  back  of  the  retina. 
With  advancing  age  especially  the  crystalline  tends  to  become 
flatter.  The  remedy  is  the  use  of  converging  glasses,  which  aid 
in  bringing  the  rays  to  a  focus  exactly  upon  the  retina. 

V.     Polarization  and  Double  Refraction, 

1.  Polarization  of  Light. — According  to  the  undulatory 
theory  of  light,  the  particles  of  ether  through  which  a  ray  of  light 
is  propagated  vibrate  in  a  variety  of  planes  perpendicular  to  the 
line  of  propagation.  When  this  light  is  polarized,  the  vibrations 
of  the  ether  particles  take  place  in  a  single  plane  perpendicular  to 
the  line  of  propagation.  The  unaided  eye  cannot  distinguish  be- 
tween them,  but  a  variety  of  means  exist  by  which  the  difference 
can  be  demonstrated. 

Light  may  be  polarized  by  reflection,  and,  in  fact,  most  reflected 
rays  exhibit  the  phenomena  of  plane  polarization.  A  glass  mirror 
which  reflects  the  rays  of  light  at  the  same  time  polarizes  them. 
Light  is  also  polarized  by  reflection  from  water,  from  the  clouds, 
and  all  objects  about  us  which  aid  in  diffusing  sunlight. 

2.  Double  Refraction.— A  large  number  of  crystallized  solids 
possess  the  property  of  dividing  an  incident  ray  which  passes 
through  them  into  two  distinct  rays,  which  are  unequally  refracted 
and  form  two  images.     This  phenomenon  is  known  as  double  re- 
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fraction.  It  is  shown  best  with  Iceland  spar  or  transparent  calcite. 
If  a  crystal  of  this  mineral  be  placed  over  a  page  containing 
printed  characters,  each  letter  will  appear  double,  and  if  the  crys- 
tal be  revolved,  one  set  of  letters  will  revolve  around  the  other. 
The  two  rays  which  emerge  from  the  doubly  refracting  crystal  are 
known  as  the  ordinary  and  the  extraordinary  ray,  and  are  found 
to  be  polarized  or  set  in  a  plane  at  right  angles  to  each  other. 
One  of  these  rays  may  be  entirely  suppressed  and  a  single  polar- 
ized ray  transmitted  by  making  from  a  crystal  of  Iceland  spar 
what  is  known  as  a  NicoFs  prism.  A  rhombohedron  of  calcite  is 
sawed  through  from  one  obtuse  angle  to  the  other,  and  the  sur- 
&ces,  after  being  polished,  are  cemented  together  with  Canada 
balsam.  After  refraction  one  of  the  rays  strikes  the  balsam  sur- 
face at  an  angle  greater  than  the  critical  angle,  and  is,  therefore, 
totally  reflected,  passing  out  at  the  side  and  leaving  only  the  one 
ray  to  pass  through  the  prism.  Two  Nicol's  prisms  are  used  to- 
gether, one  as  a  polarizer  for  light  and  the  other  as  an  analyzer 
to  examine  it.  Light  polarized  by  reflection  from  an  inclined 
mirror  may  also  be  examined  with  a  NicoFs  prism  as  an  analyzer. 
Plates  or  sections  cut  from  the  mineral  tourmaline  also  serve  for 
polarizing  light,  and  a  pair  of  these  plates  is  often  used  to  examine 
objects  by  polarized  light. 

3.  Applications  of  Polarized  Light. — By  the  aid  of  polar- 
ized light  we  are  able  to  distinguish  between  minerals  or  salts 
of  different  crystallographic  systems,  and  determine  to  which  a 
given  fragment  of  a  crystal  may  belong.  Thin  slices  of  the  crys- 
tal in  question,  if  examined  between  two  NicoPs  prisms  or  with 
the  tourmaline  plates,  will  show  rings  of  color  in  case  the  crystal 
belong  to  any  other  than  the  regular  system. 

Those  belonging  to  the  tetragonal  or  hexagonal  systems  show 
circular  rings  on  which  appears  a  cross,  which  is  black  or  white 
according  to  the  position  of  the  analyzing  prism.  Such  crystals 
are  called  uniaxiaL  Those  belonging  to  the  orthorhombic, 
monoclinic,  or  triclinic  systems  show  elliptical  rings  on  which 
appear  black  or  white  bands  or  curves.  Such  crystals  are  called 
biaxial. 

Beautiful  colors  are  produced  by  the  action  of  polarized  light, 
even  when  the  object  is  not  definitely  crystallized.  Microscopes 
are  firequently  provided  with  a  set  of  two  NicoFs  prisms,  one 
under  the  stage  and  the  other  in  the  eye-piece,  in  order  that  the 
ddicate  structure  of  objects  can  be  studied  under  polarized  lij^ht. 
Many  organic  substances,  such  as  sugars,  essential  oils,  and 
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alkaloids,  when  in  solution  show  characteristic  action  upon  the 
ray  of  polarized  light,  rotating  it  through  a  circle  to  the  right  or 
left.  The  polariscope  is  an  instrument  based  on  this  principle, 
for  examining  sugar  solutions,  and  by  its  aid  th6  strength  or 
purity  of  all  classes  of  saccharine  products  may  be  determined. 

Fig.  27. 
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Polariscope. 


It  is  shown  in  Fig.  27.  The  glass  tube  containing  the  sugar  solu- 
tion is  shown  lying  in  the  axis  of  the  telescope  and  the  polarizing 
prisms.  To  the  right  below  is  shown  the  polarizing  prism  ;  to 
the  left  are  the  analyzing  prism,  a  quartz  plate,  quartz  wedges  of 
opposite  rotatory  power,  and  the  lenses  of  the  telescope. 
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CHAPTER   V. 

MAGNETIC  ENERGY. 

I.    Magnets,  Natural  and  Artificial. 

A  certain  black  mineral  (ferroso-ferric  oxide,   Fe304)  was 
early  known  to  possess  the  property  of  attracting  iron  or  steel. 
It  .was  known  as  magnes,  from  the  city  of  Magnesia,  in  Asia 
Minor,  near  which  it  was  first  discovered.     It  was  later  called 
lode-stone^  because  of  the  property  of  leading  or  pointing  north 
and  south  when  freely  suspended.     Fragments  of  this  mineral 
are  now  known  as  native  magnets,  and  the  property  thus  mani- 
fested is  called  magnetism.     Native  magnets,  however,  as  a  rule, 
have  been  replaced  in  experimental  work  by  the  smaller  and 
more  convenient  artificial  magnets  of  steel.     Soft  iron  can  also 
be  magnetized,  but,  as  we  will  see  later,  is  not  adapted  for  per- 
manent artificial  magnets,  as  it  does  not  retain  the  power  as  well 
as  steel     These  magnets  are  commonly  known  by  the  desig- 
nations bar  magnets,  magnetic  needles,  and  horseshoe  magnets. 
The  latter  have  the  convenience  that  because  of  their  shape  the 
two  ends  of  the  magnet  are  near  each  other,  and  can  be  readily 
covered  by  a  piece  of  soft  iron,  known  as  an  armature,  which 
tends  to  strengthen  and  preserve  the  full  magnetic  power  of  the 
Jnagnet     It  is  found,  moreover,  that  in  a  steel  magnet  the  mag- 
netic effect  does  not  penetrate  very  far,  so  that  several  bar  or 
horseshoe   magnets,   separately  magnetized   and   then    riveted 
together,  are  more  powerful  than  a  single  magnet  of  the  same 
s>2e  as  the  compound  one. 

II.     Properties  of  Magnets. 

The  most  important  property  possessed  by  the  magnet,  either 

*^ural  or  artificial,  is  the  power  of  drawing  to  it  or  lifting  up 

^^  pieces  of  iron,  such  as  nails  or  tacks.     Iron  is  not  the  only 

^^  thus  drawn  to  the  magnet.     Nickel  and  cobalt  are  also 

attracted,  although  in  a  lesser  degree.     This  influence  of  the 

"^^etis  not  dependent  upon  the  presence  of  air,  nor  is  it  hin- 

^^rf  by  the  interposition  of  solids,  like  wood  or  glass.     The 

6  8i 
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attraction  takes  place  in  vacuo  and  through  non-magnetic  solids 
as  readily  as  under  normal  conditions. 

Polarity,  — A  piece  of  iron  is  attracted  with  unequal  intensity 
by  the  different  parts  of  a  magnet.  The  two  ends  possess  this 
power  in  the  highest  degree,  and  the  middle  of  the  bar  or  horse- 
shoe is  apparently  almost  destitute  of  the  power.  This  is  seen 
to  advantage  if  a  bar  magnet  or  needle  is  dipped  into  iron  filings. 
Thick  bunches  of  the  filings  will  adhere  at  either  end,  while  the 
central  part  of  the  bar  is  practically  bare  and  free  from  filings. 
The  ends  of  the  magnets,  or  points  in  which  the  magnetic  power 
is  concentrated,  are  called  the  poleSy  and  the  part  of  the  magnet 
which  seems  to  be  destitute  of  power  is  called  the  neutral  line. 
Again,  if  a  magnetic  needle  or  bar  magnet  be  suspended  freely, 
we  shall  find  that  one  pole  will  always  point  to  the  north  and  the 
other  to  the  south.  Hence  we  designate  one  as  the  north  pole 
and  the  other  as  the  south  pole  of  the  magnet.  On  bar  magnets 
they  are  usually  marked  N  and  s,  while  on  the  magnetic  needle 
the  north  pole  is  usually  arrow-pointed. 

III.     Laws  of  Magnetism. 

X.  Attraction  and  Repulsion. — If  the  two  poles  marked  n 
of  two  bar  magnets  be  brought  close  to  each  other,  we  find  no 
evidence  of  any  attraction,  and  if,  instead  of  two  bar  magnets,- 
we  take  a  freely  suspended  or  oscillating  magnetic  needle  and 
approach  its  pointed  end  with  the  north  pole  of  a  bar  magnet, 
we  find  an  actual  repulsion, — the  north  pole  of  the  needle  is 
driven  violently  away  while  the  two  are  yet  some  distance  apart. 
If,  on  the  other  hand,  the  pole  of  a  magnet  marked  N  be  ap- 
proached by  the  pole  of  another  magnet  marked  s,  the  two  are 
attracted,  and  on  touching  hold  together  strongly.  In  the  case 
of  the  oscillating  magnetic  needle,  a  pole  of  a  magnet  will  cause 
the  end  of  the  needle  of  opposite  name  to  swing  violently  toward 
the  approaching  magnet.  These  observations  are  summarized 
in  the  law  of  magnetic  attraction  :  Poles  of  the  same  name  repel 
and  poles  of  contrary  name  attract  one  another, 

2.  Location  of  the  Magnetic  Power. — When  a  steel  bar 
or  needle  is  magnetized,  even  though  the  magnetism  be  eflfected 
by  rubbing  it  with  one  pole  of  a  magnet  only,  it  acquires  both 
north  and  south  polarity,  and  if  this  bar  be  broken  in  two  and 
the  division  continued  until  the  pieces  are  quite  small,  the  same 
condition  exists  in  each  of  the  fragments.  These  results  are  very 
important  as  giving  us  some  idea  of  the  nature  of  the  magnetic 
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influence.  It  undoubtedly  resides  in  the  molecules  themselves, 
each  of  which  must  be  supposed  to  have  been  given  magnetic 
polarity  when  the  bar  or  needle  was  magnetized.  Therefore  no 
mechanical  subdivision  can  rob  them  of  this  property.  At  the 
same  time  the  strong  manifestation  of  the  magnetic  power  at 
the  two  ends,  and  the  existence  of  a  neutral  line  for  the  time 
being  in  the  middle  of  the  bar,  shows  that  the  force  is  cumulative 
in  either  direction,  and  it  is  wanting  in  the  middle  of  the  bar  be- 
cause the  forces  temporarily  neutralize  each  other  there. 

3.  Magnetic  Induction. — A  piece  of  soft  iron  brought  close 
to  a  strong  magnet  is  affected  by  it  more  strongly  than  appears 
in  the  simple  attraction.  While  under  the  influence  of  the  origi- 
nal magnet  it  becomes  a  magnet  itself,  and  is  capable  of  attracting 
and  repelling  another  piece  of  iron,  according  to  the  laws  of  mag- 
netic attraction.  This  is  due  to  what  b  termed  magjietic  inductioji. 
The  end  of  the  piece  of  iron  next  to  the  inducing  magnet  is  given 
a  polarity  the  opposite  of  that  possessed  by  the  pole  exerting  the 
influence,  while  the  end  of  the  iron  farthest  from  the  inducing 
magnet  shows  a  polarity  the  same  as  that  of  the  pole  with  which 
the  iron  is  in  contact.  This  induction  takes  place  through  glass 
or  paper  or  other  non-magnetic  substance,  without  appreciable 
loss. 

The  influence  in  the  case  of  iron  is  only  temporary,  and  when 
detached  or  removed  from  the  inducing  magnet  it  loses  its  power 
at  once.  In  the  case  of  steel,  on  the  other  hand,  this  power  is 
not  immediately  or  wholly  lost  on  detaching  it  from  the  inducing 
m^neL  This  is  due  to  the  fact  that  while  steel  has  considerable 
magnetic  retentivity,  or  coercive  force,  soft  iron  has  very  little. 
Hence  permanent  magnets  are  made  of  steel,  while,  as  we  will 
see  later  (see  p.  97),  electro-magnets  are  made  of  soft  iron. 

4.  Lines  of  Magnetic  Force. — If  a  bar  magnet  be  laid  upon 
a  horizontal  surface  like  a  table  and  covered  by  a  glass  plate  or  a 
sheet  of  card-board,  upon  sifting  over  the  glass  or  card-board  fine 
iron  filings  we  will  find  that  they  arrange  themselves  in  peculiar 
curves,  as  illustrated  in  Fig.  28.  These  are  known  as  the  lines  of 
magnetic  force,  and  indicate  the  lines  in  which  the  influence  of  the 
magnet  b  felt.  It  will  be  noticed  that  they  seem  to  radiate  out 
fix)m  the  neighborhood  of  the  two  poles,  and  that  the  curved  lines 
from  the  two  poles  join  and  make  a  series  of  circles  enclosing  the 
neutral  line  of  the  magnet.  These  curves  thus  formed  by  the 
iron  filings,  however,  do  not  indicate  that  the  magnetic  force  is 
iyt  in  narrow  lines  only,  but  they  mark  its  direction.    The  entire 
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space  larjorA  each  of  the  poles  is  permeated  hy  this  influence, 
and  »,  therrt^jce.  known  as  the  magnetic  jUU.    The  strength 


of  the  attraction  within  this  field  is  governed  by  a  law  of  dis- 
tance  similar  to  those  already  noted  under  heat  and  light  It 
k  expressed  as  follows :  Magnetic  attraction  or  repulsion  varUs 
inversely  as  ike  square  of  the  distance  through  which  it  ads. 

IV.    The  Earth  as  a  Magnet, 

1.  The  Influence  of  the  Earth  upon  Magnets. — We  have 
already  seen  that  a  magnetic  needle  if  freely  suspended  will  al- 
ways, after  oscillation,  come  to  rest  In  a  position  pointing  north 
and  south.  We  will  also  find,  if  the  needle  be  suspended  so  that 
It  can  swing  in  a  vertical  plane,  that  as  we  move  from  the  equator 
toward  the  pole  the  needle  will  dip  increasingly,  and  near  the 
pole  It  assumes  a  vertical  position.  These  two  results  we  attrib- 
ute to  the  earth's  influence.  We  have  effects  analogous  to  these 
if  a  powerful  bar  magnet  be  laid  upon  a  table  and  we  hold  sus- 
pended over  it  by  a  fine  thread  a  delicate  magnetic  needle.  The 
latter,  as  it  approaches  the  large  magnet,  immediately  assumes  a 
position  parallel  to  it,  and  as  we  proceed  from  the  neutral  line  of 
the  lai^e  magnet  toward  the  pole  the  small  needle  dips  toward 
the  pole  approached,  and  when  immediately  over  it  assumes  a 
vi-rtical  position.  If  over  the  south  pole  of  the  large  magnet,  it 
is  the  pointed  or  north  end  of  the  needle  which  dips  down,  and, 
if  over  the  north  pole  of  the  magnet,  it  is  the  unmarked  or  south 
end  of  the  needle. 

2,  The  Earth  Itself  a  Magnet.— We  are  led  by  the  analogy 
just  statc<I  to  consider  that  the  earth  itself  acts  as  a  great  magnet. 
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and  that  it  is  to  its  directive  influence  that  the  oscillating  needle 
always  tends  to  assume  the  north-and-south  direction.  If  the 
earth  be  considered  to  act  as  a  magnet,  we  should  be  able  to  locate 
its  poles.  These  magnetic  poles  of  the  earth  were,  in  fact,  dis- 
covered by  the  navigator.  Sir  James  Ross.  The  north  magnetic 
pole  was  found  on  the  western  coast  of  Boothia  in  70°  north  lati- 
tude, and  a  point  in  the  South  Sea  was  found  where  the  inclination 
or  dip  of  thie  needle  was  88°  37',  whence  the  position  of  the  south 
magnetic  pole  was  calculated  to  be  in  about  75J^°  south  latitude. 
It  will  be  seen  that  the  magnetic  poles  of  the  earth  do  not  agree 
in  position  with  the  geographical  poles.  Hence  the  needle  does 
not  in  most  places  p)oint  due  north  and  south  or  in  a  line  deter- 
mined by  the  north  star.  The  angle  which  the  needle  makes 
with  the  geographical  meridian  is  known  as  the  angle  of  declma- 
Hon.  It  is  found  that  this  angle  diflers  at  diflerent  places,  and 
that  for  any  one  place  it  changes  slightly  from  year  to  year.  The 
magnetic  axis  of  the  earth,  in  fact,  is  slowly  oscillating  from  east 
to  west, 

3.  Cause  of  Terrestrial  Magnetism. — The  cause  of  the 
earth's  magnetism  is  unknown.  It  is  generally  believed  that  it 
is  due  to  electrical  currents  flowing  from  east  to  west,  so  that  the 
earth  is  in  effect  an  electro-magnet  (see  p.  97).  These  currents 
are  undoubtedly  influenced  by  the  sun,  as  is  shown  by  the  coin- 
cidence of  changes  in  the  appearance  of  the  sun  and  the  outbreak 
of  magnetic  storms  upon  the  earth.  These  latter  at  times  dis- 
turb magnetic  needles  and  telegraph  wires  over  the  whole  world. 
The  auroral  displays  seem  also  to  be  connected  with  these  mag- 
netic disturbances. 

V.    Applications  of  Magnetism. 

Permanent  magnetism   has  few   applications  compared  with 
those  that  have  been  found  for  electro-magnets.     These  will  be 
noticed  farther  on.     The  most  important  application  of  perma- 
nent magnets  is  in  the  mariner^ s  compass.     In  this  the  freely 
oscillating  magnetic  needle  is  mounted  in  such  way  that  under 
the  influence  of  the  earth's  directive  action  it  is  made  to  indicate 
the  direction  in  which  a  ship  is  moving.     For  this  purpose  one 
or  more  magnetic  needles  are  attached  to  the  under  surface  of  a 
QTCular  disk  of  card-board  or  mica,  upon  the  upper  surface  of 
which  are  marked  the  thirty-two  points  of  the  compass.     This 
<w  is  supported  upon  a  delicate  pivot  moving  in  an  agate  cup, 
*  that  it  responds  to  the  slightest  change  of  course  of  the  ship 
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With  the  general  introduction  of  iron  and  steel  ships  the  use  of 
the  compass  would  seem  to  be  attended  with  great  difficulty, 
because  of  the  local  attraction  for  the  needle.  It  has  been  found 
possible,  however,  to  correct  for  this  local  influence  so  as  not  to 
interfere  with  the  accuracy  of  the  directive  action  of  the  needle. 
The  compass  is  supposed  to  have  been  known  to  the  Chinese 
long  before  its  introduction  into  Europe  in  the  twelfth  century. 

Permanent  magnets,  as  well  as  electro-magnets,  are  also  used 
in  separating  magnetic  iron  ore  from  accompanying  sand  and 
crushed  rock  material,  and  in  picking  out  small  particles  of  scrap 
iron  from  malt  and  grain  before  crushing. 


CHAPTER    VI. 

BLBCTRICAL    ENERQY. 

Under  the  influence  of  heat,  magnetism,  mechanical  and 
chemical  action,  as  well  as  by  the  action  of  natural  forces,  a  form 
of  energy  may  be  developed  in  bodies  to  which  the  name  of  elec- 
tricity has  been  given.  This  name  was  first  given,  some  six  cen- 
turies before  Christ,  to  characterize  the  phenomena  produced  by 
nibbing  bodies  like  amber  (Greek,  ijiexTpuv),  and  the  identity  of 
these  with  the  atmospheric  phenomena  of  lightning  and  thuiider 
was  only  established  toward  the  close  of  the  last  century  by 
Franklin.  We  shall  discuss  electrical  energy  under  two  main 
heads— the  electricity  of  friction  and  the  electricity  of  chemical 
action — and  then  note  the  most  important  of  its  recent  appli- 
cations. 

A.     Electricity  of  Friction. 

I.  Conditions  of  Production. — If  a  stick  of  sealing-wa:x, 
sulphur,  or  hard  resin  be  rubbed  briskly  with  a  piece  of  flannel, 
it  will  acquire  the  property  of  attracting  light  bodies,  like  slips 
of  paper,  feathers,  pith  balls,  etc.  A  glass  tube  carefully  dried 
and  rubbed  with  a  silk  handkerchiefwill  show  similar  phenomena. 
In  a  dark  room  the  bodies  so  rubbed  often  appear  slightly  lumi- 
nous, and  sparks  are  sometimes  given  ofl'when  they  are  touched. 
It  is  evident  that  these  are  manifestations  of  a  new  form  of  energy 
developed  by  the  friction  of  the  two  bodies  and  distinct  from  heat, 
"hich  may  be  developed  at  the  same  time.  The  generally  re- 
caved  explanation  of  this  change  of  energy  into  a  new  form  is 
tlw  friction  and  the  other  means  referred  to  disturb  the  neutral 
Mndition  in  which  the  molecules  of  bodies  ordinarily  exist,  and 
develop  therefrom  two  opposing  influences,  which  then  give  us 
Ineso-adled  "electrical"  phenomena.  These  influences  may  be 
'''^^ignatcd  as  positive  and  negative,  or  vitreous  and  resinoiu 
«Wlrieity. 

The  development  of  electricity  of  either  kind  in  a  body  is  said 

'^  give  it  a  certain  potential  3.^  compared  with  another  body,  either 

'^Iwinficd  or  uneleclritied.     A  body  ch^ic^ed  with  positive  elec- 

lotential,  while  a  body  negatively 
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charged  has  a  negative  potential.  These  opposing  charges  may 
be  equal,  in  which  case,  when  the  two  bodies  are  brought  into 
contact,  they  neutralize  each  other  and  leave  the  bodies  unelec- 
trified,  or  they  may  differ  in  potential,  in  which  case  a  residue 
remains  of  the  stronger  charge. 

If  instead  of  rubbing  resins  or  glass  we  rub  metals  with  flannel 
or  silk,  apparently  no  electrical  effects  are  produced.  This  want 
of  electrical  excitement  is,  however,  only  apparent.  If  a  metal 
tube  is  provided  with  a  glass  handle  by  which  it  may  be  held 
and  is  then  rubbed  with  silk  or  flannel,  it  becomes  charged  with 
electricity.  Its  seeming  inability  to  become  electrified  is  due  to 
the  fact  that  it  is  a  conductor  of  electricity,  and  hence  the  charge 
passes  off  rapidly  into  the  hand  or  the  object  with  which  it  was 
in  contact.  We  may,  therefore,  distinguish  two  classes :  con- 
djutors,  like  metals,  water  and  aqueous  solutions,  plants  and  ani- 
mals, and  non-conductors^  like  silk,  glass,  resins,  rubber,  and 
dry  air.  Non-conductors  are  also  often  called  insulators,  as  they 
prevent  the  loss  or  dissipation  of  a  charge  of  electricity  accumu- 
lated upon  a  conductor.  Glass  and  hard  rubber  are  thus  used  in 
practice.  We  can  now  somewhat  understand  the  result  attained 
when  a  stick  of  shellac  is  rubbed  with  a  piece  of  flannel.  Both 
become  electrified,  the  shellac  taking  the  negative  charge  of  elec- 
tricity and  the  flannel  the  positive  charge.  On  the  other  hand, 
when  glass  is  rubbed  with  silk,  both  likewise  are  electrified,  but 
the  glass  takes  the  positive  electricity  and  the  silk  the  negative 
electricity.  Both  these  results  are,  however,  explained  if  we  ar- 
range the  substances  referred  to  consecutively  in  what  is  known  as 
a  potential  series.  In  this  list  the  substances  are  named  in  such 
order  that  any  one  becomes  positively  electrified  whdn  rubbed 
with  one  of  the  bodies  following,  but  negatively  when  rubbed 
with  one  of  those  which  precede  it : 

1.  Cat's  skin.  7.  Silk.  12.  Sealing-wax. 

2.  Flannel.  8.  The  hand.  15,  Resin. 

3.  Ivory.  9.  Wood.  14.  Sulphur. 

4.  Rock-cr>'stal.  10.  Metals.  15.  Gutta-percha. 

5.  Glass.  II.  Caoutchouc.  16.  Gun-cotton. 

6.  Cotton. 

2.  Laws  of  Electrical  Attraction  and  Repulsion, — While 
we  have  referred  to  the  distinction  between  positive  and  negative 
electricitv  we  have  not  shown  how  this  different  character  in 
electrified  bodies  may  be  ascertained.  If  a  stick  of  sealing-wax 
be  rubbed  with  flannel  or  cat's  skin,  and  after  suspending  it  with 
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a  silken  thread  it  be  presented  to  another  stick  of  sealing-wax 
similarly  treated,  the  two  will  repel  each  other.  Two  glass  rods 
rubbed  with  a  silk  handkerchief  will  similarly  repel  each  other, 
but  an  electrified  glass  rod  and  an  electrified  stick  of  sealing-wax 
or  resin  will  attract  each  other.  It  may  also  be  shown  that  when 
any  two  unlike  bodies  are  rubbed  together  they  both  become 
electrified,  and  that  when  one  will  attract  the  other  will  repel  a 
third  electrified  body.  This  difference  of  charge  of  course  fol- 
lows from  a  consideration  of  the  potential  series  given  above. 
Both  of  them  will  attract  an  unelectrified  body,  and  by  induction 
develop  in  it  one  or  the  other  of  the  two  electrical  conditions. 

The  laws  of  electrical  attraction  and  repulsion  have  been  de- 
termined as  follows : 

1.  Electrical  charges  of  like  name  repel  each  other  •  electrical 
charges  of  opposite  name  attract  each  other. 

2.  The  force  with  which  each  of  the  two  charges  attracts  or 
repels  the  other  is  directly  proportioned  to  the  product  of  the 
two  quantities  of  electricity  and  inversely  as  the  square  of  the 
distance  between  them. 

A  body  charged  with  either  positive  or  negative  electricity  will 
exert  an  influence  upon  unelectrified  bodies  in  the  neighborhood 
and  decompose  the  neutral  condition  existing  in  them,  attracting 
to  the  surface  next  to  the  electrified  body  a  charge  the  opposite 
to  that  which  it  contains.  At  the  same  time  the  decomposition 
of  the  neutral  condition  sets  free  both  kinds  of  electricity,  and 
while  one  is  drawn  toward  the  original  electrified  body,  the  other 
is  driven  toward  the  farther  extremity  of  the  body  which  comes 
under  its  influence.  Such  action  is  called  induction,  and  by  its 
means  a  Body  once  electrified  by  friction  is  capable  of  exerting 
an  influence  upon  surrounding  bodies  and  developing  in  them 
corresponding  charges.  If  this  induced  electricity  is  drawn  off 
by  suitable  conductors  and  the  body  again  presented  in  the  neutral 
condition,  fi-esh  inductive  action  will  develop  fresh  charges,  and 
in  this  way  notable  charges  of  both  positive  and  negative  elec- 
tricity can  be  accumulated.  The  various  newer  forms  of  frictional 
electrical  machines  are  based  upon  the  principle  of  repeated  in- 
duction developing  anew  fresh  electrical  charges. 

3.  Electrical  Machines. — In  the  older  forms  of  electrical 
machines  we  have  simply  a  circular  plate  or  hollow  cylinder  of 
glass,  which  is  rotated  rapidly  while  pressing  against  pads  of  silk 
or  leather.  These  latter  are  coated  with  an  amalgam  or  with  a 
bronze  powder  (stannic  sulphide),  and  by  their  friction  with  the 


9° 


ELEMENTARY  PHYSfCS. 


1 


1 


glass  develop  electricity.  The  plate  becomes  charged  with  a 
positive  electricity,  which  is  taken  off  by  a  metallic  comb  and 
accumulates  on  a  brass  knob  known  as  the  prime  conductor, 
while  the  pad  which  presses  on  the  glass  plate  receives  a  n^fative 
charge  which  accumulates  on  a  second  insulated  metallic  con- 
ductor. A  spark  may  now  be  taken  from  either  of  the  insulated 
conductors.  If,  however,  the  conductor  which  received  the 
negative  chaise  be  "grounded," — that  is,  connected  with  the 
floor  or  table  by  a  metallic  chain, — the  potential  of  the  positive 
conductor  becomes  greater,  and  longer  sparks  can  be  taken  from 
it,  A  newer  and  more  powerful  form  of  frictional  machine  is  the 
Toepler-Holtz,  which  is  in  reality  a  combination  of  two  induction 
machines.  On  the  back  of  a  stationary  glass  plate  are  two  cards 
which  act  as  inductors,  and  on  a  smaller  revolving  glass  plate  in 
front  of  the  former  are  pasted  a  series  of  Im-foil  carriers,  each  of 
which  has  in  its  centre  a  button  designed  to  serve  as  a  contact 
A  stationary  metal  rod  crosses  diagonally  in  front  of  the  moving 
plate,  and  to  this  are  attached  flexible  wire  brushes.  As  the 
movable  gUiss  plate  revolves,  these  brushes  touch  the  two  tin-foil 
carriers,  which  are  at  diagonally  opposite  positions  on  the  plate, 
and  remove  the  induced  charges  from  them.  As  these  carriere 
come  around  in  front  of  the  inductor  cards  they  touch  metallic 
brushes  which  make  contact  with  the  inductors  through  metallic 
rods  and  thus  recharge  them  with  positive  and  negative  electricity 
respectively.  The  cards  then  act  inductively  upon  the  revolving 
glass  plate  again  and  communicate  to  it  fresh  quantities  of  the 
two  forms  of  electricity  to  be  taken  up  by  the  brushes  of  the 
diagonal  rod.  The  metallic  conductors  attached  to  the  stationary 
plate  terminat*  in  knobs  between  which  a  discharge  of  sparks  is 
kept  up  while  the  other  plate  is  in  revolution.  These  conductors 
are  provided  with  insulating  handles  of  hard  rubber,  and  are 
made  to  slide  in  and  out  of  metallic  sockets,  so  that  the  distance 
between  the  discharging  knobs  can  be  lengthened  or  shortened 
according  as  the  difference  of  potential  between  the  positive  and 
negative  charges  becomes  greater  or  smaller. 

Condensers. — If  two  metallic  surfaces  be  brought  near  to  each 
other  and  yet  be  kept  apart  by  some  insulating  medium,  we  may, 
by  charging  one  with  either  positive  or  negative  electricity,  cause 
a  charge  of  opposite  name  to  accumulate  in  the  other  by  induc- 
tion. Hence  such  a  combination  is  called  an  electrical  accumu- 
lator, or  condenser  of  electricity.  The  simplest  form  would  be  a 
pane  of  glass  coated  on  either  side  to  within  an  inch  of  the  edge 
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with  sheets  of  tin-foil.  More  generally  a  glass  jar  is  used,  and 
this  is  coated  within  and  without  with  tin-foil  for  about  two- thirds 
of  its  height.  Through  a  cork  or  wooden  cap  passes  a  metal 
rod  terminating  above  in  a  knob  and  ending  below  in  a  metallic 
chain  which  is  long  enough  to  touch  the  inner  tin-foil  on  the 
bottom  of  the  jar.  Such  a  jar  is  known  as  a  Leyden  jar.  It 
may  be  charged  by  grasping  it  in  the  hand  around  the  side  and 
then  holding  the  projecting  knob  to  one  of  the  prime  conductors 
of  the  electrical  machine.  This  charges  the  inner  coating  with 
that  kind  of  electricity  which  had  accumulated  on  the  prime  con- 
ductor, and  at  the  same  time  the  outer  coating  by  induction  takes 
a  charge  of  the  opposing  kind.  The  jar  may  then  be  placed  upon 
a  table  and  the  charges  will  remain  with  little  loss  for  quite  a  length 
of  time,  but  if  contact  is  made  between  the  inner  and  the  outer 
coatings  by  a  metallic  conductor  or  through  the  body,  the  two 
opposing  electricities  at  once  unite  and  the  jar  is  discharged. 

If  two  such  condensers  are  connected  with  the  Holtz  machine, 

one  in  contact  with  either  prime  conductor,  the  character  of  the 

discharge  between  the  knobs  of  the  prime  conductors  changes 

greatly.     Instead  of  a  continuous  discharge  of  short  sparks  with 

rustling  sound,  we  have  a  series  of  sharp  discharges  at  short 

intervals,  and  much  longer  sparks  are  attainable  by  pulling  out 

the  metal  rods  to  a  little  distance  from  each  other.     The  electricity 

inthis  case  apparently  accumulates  until  the  jars  are  charged,  and 

with  considerable  tension  or  difference  in  potential  leaps  over  the 

interval  between  the  knobs. 

4.  Electrical  Discharge  and  its  Effects. — The  effect  of  the 
spark  discharge  depends  very  much  upon  the  nature  of  the  body 
through  which  the  discharge  takes  place.  Its  mechanical  effects 
are  seen  most  readily  in  the  case  of  bad  conductors.  These  are 
often  shattered.  Thus  it  is  possible  to  pierce  card-board  or 
feather  readily  with  the  aid  of  the  discharge  from  the  Holtz 
'^chine.  A  glass  plate  may  also  be  pierced  in  this  way.  The 
'"scharge  of  atmospheric  electricity  during  a  thunder-storm,  as 
^^n  in  the  lightning  flashes,  however,  gives  us  the  mechanical 
"^^cts  on  the  grandest  scale.  The  thunder-cloud  and  the  earth 
institute  the  two  parts  of  a  huge  condenser.  When  the  differ- 
*^^^  in  ]x>tential  has  become  sufficiently  great  to  cause  the  dis- 
nargre  to  take  place  through  the  intervening  air,  we  have  the 
*8«tiiing  stroke  which  rends  the  tallest  trees  as  well  as  buildings 
*»Uch  stand  out  prominently  or  in  exposed  positions.  Protection 
*B*inst  this  lightning  discharge   is   sought  in  the  case  of   tall 
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t^Yxfictzs  Ijy  tfw:  a^  of  m^lalEc  condnctors,  which,  whfle  insulated 
from  the  fiutlding,  ^r^  connected  with  the  gixMind. 

The  {/hyi^iological  eilects  of  the  S{>ai1c  dischai]g^  con^st  in 
Hudrlen  vi^/rating  shocks  fi^h  in  the  aim  or  dhow  when  a  Leyden 
jar  Ih  dbtcharged  throi^  the  person,  and  in  a  sharp  prickling 
Hcn5tation  felt  on  the  knuckles  or  fingers  when  the  prime  con- 
ductors of  a  plate  machine  are  touched.  With  large  jars  or  a 
Htrong  induction  machine  the  spark  discharge  may  be  quite 
dangerous. 

The  luminous  effects  of  a  spark  discharge  vary  with  the  poten- 
tial of  the  two  electricities  and  the  medium  through  which  the 
spark  passes.  Thus  in  ordinary  air  the  spark  is  white  and  bril- 
liant, in  rarefied  air  it  b  reddish,  and  in  vacuo  it  is  violet.  Rare- 
fied gases,  like  hydrogen,  nitrogen,  and  carbon  dioxide,  also 
cause  the  spark  to  show  in  different  colors. 

The  heating  effects  of  the  spark  discharge  are  also  easily  recog- 
nized The  spark  passed  through  inflammable  liquids,  like  alco- 
hol or  ether,  inflames  them  ;  the  spark  will  ignite  ordinary  illu- 
minating gas,  as  is  seen  in  many  forms  of  domestic  gas-lighting 
apparatus  ;  when  the  spark  is  passed  continuously  through  a 
metallic  wire,  although  relatively  a  conductor  the  wire  still  be- 
comes heated.  Magnetic  effects  are  also  observed.  A  steel  bar 
or  needle  may  be  magnetized  if  placed  inside  a  tube  around 
which  is  coiled  a  wire,  through  which  the  spark  discharge  is  made 
to  pass.  We  will  see  later,  under  Voluic  Electricity,  that  power- 
ful electro-magnets  are  made  in  an  analogous  manner. 

Lastly,  the  chemical  effects  of  the  spark  discharge  are  the 
effecting  of  chemical  decompositions  and  recombinations  of  the 
elements.  Thus,  if  the  spark  is  passed  for  a  dme  through  dry 
ammonia  gas,  it  is  decomposed  into  h\-dn^en  and  nitrogen.  On 
Ihe  other  hand,  the  spark  discharge  will  cause  the  union  of  hydro- 
gen and  chlorine  or  hydrogen  and  oxygen  when  admuced  as  gases. 
Among  chemical  effects  must  also  be  noticed  the  ozonizing  of  the 
oxygen  of  the  air  through  which  the  d'lschar^  takes  place.  This 
•N  r.^dily  recognizetl  by  the  odor  which  is  ahraj"s  noticed  in  the 

-  :^'h':>orh<x>d  of  the  plate  electrical  machine.     A  tiiller  mention 

-  •?-.>  :;r«Kiuction  will  Ix^  found  under  Ozone. 

P>.     Electricity  of  Chemical  Action. 
-     V'/.ta:c    Cells   or   Batteries. — The  eiectricity  hitherto 

.       .,-.-    t:.v  .yvL-ct  charired.  or  eacctridty  oi k^k 
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tension,  because  it  accumulates  upon  neighboring  conductors  until 
a  high  tension  or  difference  of  potential  is  reached,  when  it  is  dis- 
charged by  the  passage  of  the  spark.  Differing  from  this  in  its 
manifestations,  although  not  in  identity,  is  the  electricity  of  chemi- 
cal action.  If  a  strip  of  zinc  and  a  strip  of  copper  be  dipped  into 
dilute  sulphuric  acid  and  connected  by  means  of  a  wire,  bubbles 
of  hydrogen  will  appear  on  the  copper  strip,  instead  of  on  the 
zinc  strip,  as  they  would  were  this  immersed  in  the  liquid  uncon- 
nected with  any  other  metal.  The  action  of  the  dilute  acid  on 
the  zinc  is  now  in  large  part  replaced  by  a  different  chemical 
action,  and  with  this  arises  the  development  of  electricity,  which 
passes,  during  the  continuance  of  the  action,  from  the  copper 
through  the  connecting  wire  to  the  zinc.  This  we  term  an  elec- 
trical current.  It  is  also  known  as  voltaic  electricity,  from  the 
Italian  Volta,  who  first  made  this  experiment,  and  the  combina- 
tion of  metals  dipping  in  a  liquid  is  termed  a  voltaic  cell.  The 
escape  of  hydrogen  in  bubbles  from  the  zinc  plate  does  not  en- 
tirely cease,  unless  its  surface  is  thoroughly  amalgamated  with 
mercur>%  so  that  the  effect  of  the  impurities  of  the  zinc  in  gener- 
ating local  or  secondary  currents  is  overcome. 

The  production  of  a  current  in  this  case  is  due  simply  to  the 
chemical  action  which  ensues  whenever  two  dissimilar  metals  are 
moistened  by  the  same  liquid.  This  is  very  readily  illustrated  by 
putting  a  piece  of  zinc  below  the  tongue  and  a  silver  coin  upon 
the  tongue.  No  sensation  is  felt  until  the  metals  touch  at  the 
edge  or  are  connected  by  a  metallic  wire,  but  when  they  are 
brought  in  contact  a  circuit  is  completed  and  a  sharp  sensation  is 
felt  by  the  tongue  and  a  copperas-like  taste  is  perceptible. 

The  copper  plate  of  the  voltaic  cell  is  known  as  the  positive 
electrode  or  anode,  and  the  zinc  plate  as  the  negative  electrode  or 
cathode  of  the  battery,  and  the  current  passes  from  the  positive 
electrode  through  the  connecting  wire  to  the  negative  electrode, 
and  so  through  the  liquid  to  its  point  of  origin. 

In  the  original  voltaic  cell  the  current  soon  becomes  enfeebled 
because  of  the  film  of  hydrogen  which  collects  on  the  copper 
plate.  This  is  called  the  polarization  of  the  positive  electrode, 
and.  while  it  may  be  obviated  to  a  degree  by  both  mechanical 
and  chemical  means,  it  led  finally  to  the  substitution  of  what  are 
ternied  two-liquid  batteries  for  the  original  one-liquid  battery. 

Thus,  in  the  Daniell  cell  we  have  copper  dipping  into  sulphate 
of  copper  solution  and  zinc  dipping  into  dilute  sulphuric  acid,  the 
two  liquids  being  separated  by  a  porous  earthenware  jar.    Hence, 
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as  the  hydrogen  separates,  it  acts  at  once  on  the  copper  sulphate, 
depositing  copper  on  the  positive  electrode. 

In  the  Grove  cell  we  have  in  the  outer  cup  zinc  and  dilute  sul- 
phuric acid,  and  in  the  inner  porous  cup  platinum  and  nitric  acid. 

In  the  Bunsen  cell  we  have  gas  carbon  substituted  for  platinum 
in  the  inner  cup,  while  zinc  constitutes  the  outer  element. 

In  the  Leci.-mch€  cell,  shown  in  Fig.  29,  the  inner  porous  cup 
contains  a  carbon  plate  packed  in  fragments  of  coke  and  powdered 
manganese  dioxide,  while  the  rod  of  zinc  dips  into  a  solution  of 
sal  ammoniac  in  the  outer  cup. 

The  porous  cup  is  dispensed  with  In  what  are  called  "gravity" 
batteries,  where  a  liquid  of  superior  gravity  is  placed  below  and 


Fig.  30. 


a  lighter  one  is  run  in  on  top.  Thus,  in  the  Callaud  cell  we  have 
a  saturated  solution  oi  sulphate  of  copper  below,  with  the  copper 
plate  resting  on  the  bottom  of  the  cup  and  connected  with  the 
circuit  by  an  insulated  wire,  and  above  this  zinc  and  dilute  sul- 
phuric acid,  or,  as  it  soon  becomes,  zinc  sulphate  solution. 

Of  one-liquid  cells  still  in  use,  the  most  popular  is  the  bichro- 
mate dipping  battery,  shown  in  Fig.  30.  In  this  the  zinc  plate 
can  be  raised  out  of  the  liquid  when  not  in  use,  and  so  the  action 
stopped  ;  the  polarization  of  the  positive  electrode  is,  moreover, 
prevented  by  chemical  action,  as  the  solution  is  bichromate  of 
pota.sh  acidified  by  sulphuric  acid,  and  the  escaping  hydrogen 
reduces  the  chromic  acid  in  the  degree  that  it  is  formed.  Of 
course,  when  the  chromic  acid  is  all  reduced  the  solution  has  to 
be  renewed. 

A  Tuimber  of  voltaic  cells  may  be  coupled  together  so  1 
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increase  the  strength  of  the  current,  and  then  we  have  a  voltaic 
battery.  The  coupling  may  be  effected  in  two  ways  :  each  zinc 
may  be  coupled  to  the  copper  or  carbon  of  the  next  cell,  and  so 
on  to  the  end  of  the  line,  in  which  case  the  battery  is  said  to 
be  arranged  in  series,  or  the  zincs  may  all  be  coupled  together 
and  the  carbons  all  together,  in  which  case  the  battery  is  said  to 
be  arranged  in  multiple  or  in  parallel  circuit. 

2.  Electrical  Units. — When  electricity  is  passing,  even 
though  it  be  through  what  we  call  a  conductor,  it  meets  with 
resistance.  For  purpose  of  comparison  it  is  desirable  to  have  a 
uniform  method  of  measuring  this.  The  unit  of  resistance  is 
called  the  oAm,  and  is  the  resistance  of  a  column  of  pure  mer- 
cury, having  a  section  of  one  square  millimeter  and  a  length  of 
106.28  centimeters,  at  a  temperature  of  o"  C.  For  convenience, 
coils  of  wire  with  a  known  resistance  in  ohms  are  used.  These 
are  known  as  resistance  coils  and  are  prepared  in  sets,  so  that  any 
resistance  within  quite  wide  limits  can  be  measured  with  their  aid. 
It  is  by  such  means  that  the  location  of  a  break  in  the  ocean  tele- 
graph cables  can  be  ascertained  so  that  the  cable  may  be  grappled 
hr  and  repaired. 

The  unit  of  current  is  called  the  ampire.  We  measure  the 
amount  of  currents  by  noting  the  weight  of  copper  that  may  be 
caused  to  separate  from  copper  sulphate  solution  within  a  given 
time  by  the  passage  of  the  current.  An  ampere  of  current  will 
deposit  0.327  milligramme  of  copper  a  second,  or  1. 177  grammes 
per  hour.  The  current  is  also  often  measured  by  the  amount  of 
hydrogen  and  oxygen  liberated  within  a  given  time  by  the  elec- 
trolysis of  water  (see  p.  97). 

The  ampere-meter  b  an  instrument  the  dial  &ce  of  which  is 
graduated  in  amperes,  while  a  needle  deflected  by  the  passage  of 
the  current  throi^h  coils  of  wire  moves  over  the  scale  and  indi- 
cates the  strength  of  the  current. 

The  pressure  or  difference  of  potential  which  causes  the  elec- 
tridty  generated  in  a  battery  or  cell  to  overcome  the  resistance 
of  the  circuit  and  so  effect  its  passage  is  called  its  electro-motive 
force.  The  unit  of  electro- motive  force  is  called  the  volt.  It  is 
the  pressure  required  to  maintain  a  current  of  one  ampere  through 
a  resistance  of  an  ohm.  Electrometers  are  used  for  measuring 
difference  of  potential  or  electro- motive  force. 

The  relation  of  these  three  units  is  concisely  expressed  in  Ohm's 
W  ;    T/u-  ftrettglh  of  Hif  current  is  equal  to  the  electro-motive 

wee  divided  by  tktf: 
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The  units  ohm,  ampere,  and  volt  were  named  in  honor  of  the 
three  great  electricians,  Ohm,  Amp6re,  and  Volta. 

3.  Effects  of  Current  Electricity. — The  main  distinctions 
between  the  frictioiial  current  or  discharge  and  the  current  de- 
veloped by  voltaic  action  are  in  tension  or  difference  of  potential 
and  in  amount  of  the  current.  Frictional  electricity  is  of  high 
tension  but  small  in  total  amount,  while  the  voltaic  cuiTent  is 
of  low  tension  but  greater  in  amount  as  measured  in  amperes. 
Hence  the  effects  will  differ  somewhat.  The  mechanical  effects 
of  voltaic  electricity  are  very  slight  as  compared  with  those  of 
frictional  electricity.  The  physiological  effects  are  also,  as  a  rule, 
\'cry  much  milder  than  those  of  the  spark  discharge.  The  wires 
from  a  voltaic  battery  of  a  dozen  cells  may  be  held  in  the  hands 
without  appreciable  shock,  but  a  tingling  sensation  is  felt  from 
very  strong  currents,  and  prolonged  contact  with  the  wires  has 
an  exciting  effect  upon  the  nerves.  The  heating  effects  are  de- 
pendent, of  course,  upon  the  resistance  which  the  circuit  offers 
to  the  passage  of  the  current  and  to  the  amount  of  current  pass- 
ing. With  good  conductors  like  copper,  of  sufficient  section, 
the  heating  effect  is  slight ;  with  wires  of  insufficient  section,  or 
with  poor  conductors,  like  platinum,  iron,  or  German  silver,  the 
resistance  becomes  relatively  great  and  the  wire  becomes  strongly 
heated.  It  is  thus  possible,  with  relatively  moderate  currents, 
to  fuse  a  thin  platinum  wire  which  may  be  interposed  in  the 
circuit.  The  luminous  effects  of  voltaic  electricity  are  obtained 
under  two  distinct  condition.s :  First,  when  two  wires  from  the 
electrodes  of  a  battery  are  brought  together,  thus  closing  the 
circuit,  a  spark  is  seen  at  the  point  of  contact,  often  of  great  bril- 
liancy. This  is  also  seen  on  breaking  the  circuit.  Secondly, 
the  resistance  offered  to  the  passage  of  the  current  through  a 
poor  conductor  often  heats  the  latter  to  such  a  degree  that  it 
becomes  luminous.  Both  of  these  methods  of  obtaining  lui 
nous  effects,  we  will  see  later  (see  pp.  101,  102),  are  practically 
applied  in  electric  lighting. 

The  chemical  effects  of  the  battery  current  are  notably  mi 
important  than  are  those  of  frictional  electricity,  because  the 
greater  amount  of  electricity  and  the  duration  of  the  current  in 
the  first  case  make  possible  effects  not  to  be  attained  in  the  other 
case.  Thus  the  current  passed  through  acidified  water,  as  shown 
in  Fig.  31,  will  decompose  it  into  its  constituents,  hydrogen  and 
oxygen  gases,  by  a  process  termed  electrolysis.  Similar  results 
are  obtained  with  solutions  of  many  chemical  salts.     This  will  be 
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more  fiJIy  treated  of  later  under  the  electro-deposition  of  the 
metals,  or  electro- metallurgj-  (see  p.  103), 

4.  Electro-Magnetism. — The  magnetic  effects  of  the  voltaic 
current  are  so  important  that  they  require  special  consideration. 
If  a  bar  of  soft  iron  is  held  at  right  angles  to  a  wire  carrying  a 
current  of  electricity,  we  will  find  that  it  acquires  for  the  lime 
being  magnetic  properties.  If  the  wire  be  coiled  around  the  bar. 
the  magnetic  effect  will  be  increased  in  proportion  to  the  nimiber 
of  coils.  To  make  a  powerful  horse-shoe  magnet,  therefore,  it 
is  €>nly  necessary  to  take  two  short  bars  of  soft  iron  joined  at 
one  end  by  a  cross-piece  of  similar  metal,  surround  these  bars 


Fig.  31. 


by  cofls  or  bobbins  of  insulated  wire,  and  p.iss  a  current  through 
the  coils.  While  the  current  passes  we  have,  as  shown  in  Fig. 
33.  a  powerful  magnet,  but,  as  solt  iron  has  little  or  no  coercive 
force,  the  moment  the  current  ceases  the  magnetism  of  the  iron 
cores  disappears.  The  coils  should  be  wound  or  connected  so 
that  the  current  passes  around  one  coil  in  one  direction  and 
around  the  other  in  the  opposite  direction,  in  order  that  one 
shall  form  a  north  pole  and  the  other  a  south  pole.  Electro- 
magnets are  used  in  almost  all  forms  of  practical  electrical 
apparatus.  * 

5.  Voltaic  Inductioo. — We  have  already  spoken  of  the  in- 
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ducing  action  of  a  body  charged  with  frictional  electricity  upon 
neutral  bodies.  This  is  sometimes  called  electro-static  induction. 
In  the  case  of  voltaic  electricity  similar  phenomena  are  very 
readily  produced.  If  a  magnet  is  moved  near  a  wire,  a  current 
of  electricity  will  be  produced  in  the  wire  ;  if  an  electro-magnet 
have  a  current  sent  through  its  coils,  a  current  will  be  produced 
in  neighboring  wires  or  coils.  Such  currents  are  called  induced 
or  secondary  currents.  They  differ  in  many  important  respects 
from  the  primary  currents  which  may  be  used  to  incite  them. 
The  chief  difference  is  in  the  relation  of  electro-motive  force  or 
tension  to  volume  of  current.  As  before  stated,  the  primary 
voltaic  current  is  of  low  tension  but  relatively  large  volume. 
The  secondary  or  induced  current  is  more  like  the  frictional 
electrical  discharge,  of  high  electro-motive  force  but  relatively 
small  volume.  We  shall  refer  in  the  next  section  to  the  practical 
application  of  this  change  in  character  of  the  voltaic  current. 

C.     Applications  of  Electricity. 

I,  Of  Electro- Magnetism. — The  first  and  most  important 
application  of  the  principles  of  electro-magnetism  is  the  mag- 
netic  telegraphy  which  was  proposed  in  practical  form  by  Prot 
Morse  in  1837.  The  Morse  telegraph  apparatus  consists  in  the 
main  of  an  electro-magnet,  which,  when  a  current  passes  through 
its  coils,  attracts  an  armature.  An  operator  can  cause  this  arma- 
ture to  move,  even  though  many  miles  away,  by  simply  sending 
a  current  over  a  wire  leading  to  the  station  containing  the  appa- 
ratus. The  essential  instruments  are  the  key^  by  means  of  which 
the  sender  controls  the  current  and  can  establish  or  break  con- 
tact by  a  pressure  of  the  finger,  and  the  sounder^  or  receiving 
instrument,  which  contains  the  electro-magnet,  the  movements 
of  whose  armature  cause  a  clicking  sound.  Sometimes,  instead 
of  the  sounder,  a  register  is  substituted,  in  which  case  the  arma- 
ture causes  marks  to  be  made  upon  a  long  paper  ribbon  or  taf>e. 
The  alphabet  of  the  Morse  system  consists  of  a  series  of  dots 
and  dashes  upon  the  tape  or  of  longer  or  shorter  clicks  as  heard 
by  the  sounder.  A  relay  or  additional  electro-magnet  connected 
with  a  local  battery  is  generally  inserted  in  the  case  of  long  cir- 
cuits, so  as  to  strengthen  the  current  and  enable  it  to  be  trans- 
mitted. The  wire  at  either  end  of  the  line  is  **  grounded, '  *  so 
that  the  earth  is  made  to  act  as  return  conductor,  and  thus  a 
second  wire  is  dispensed  with. 

Electric  bells  also  involve  an  aj)plication  of  the  electro-magnet. 
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In  this  case  the  armature  of  an  electro-magnet  is  so  arranged 
that  when  it  is  drawn  forward  the  projecting  end  strikes  the  bell. 
We  may  have  either  a  single-stroke  bell,  or,  as  is  more  generally 
used,  a  bell  in  which  the  striking  is  kept  up  continuously  as  long 
as  the  contact  is  kept  up  by  a  push-button  at  the  end  of  the  wire 
which  connects  with  the  electro-magnet. 

Eiectric  clocks  consist  of  a  dial  upon  which  two  hands  move 
by  mechanism  which  is  regulated  by  impulses  due  to  the  attrac- 
tion and  release  of  the  armature  of  an  electro-magnet.  A  number 
of  these  clocks  can  be  regulated  by  one  standard  clock,  with 
which  the  widely  separated  individual  clocks  are  connected  in 
electrical  circuit.  As  contact  is  made  by  the  attraction  of  the 
armature  of  the  regulating  electro-magnet,  each  large  hand 
moves  one-sixtieth  of  the  space,  marking  minutes. 

a.  Of  Voltaic  Induction. — One  of  the  first  and  most  direct 

q)plications  of  voltaic  induction  is  found  in  the  induction  coil, 

or,  as  it  is  often  called,  the  Ruhmkorff  coil.     It  consists  of  a 

hollow  cylinder  in  which  is  a  bar  of  soft  iron  with  two  coils  of 

wire  around  it     The  first  of  these  is  of  relatively  coarse  wire 

connected  with  the  poles  of  a  battery,  the  current  of  which  is 

alternately  opened  and  closed,  and  the  other  of  much  finer  wire 

for  the  secondary  or  induced  current.     Whenever  the  primary 

current  is  opened  or  closed  a  current  passes  in  the  secondary 

coil,  and,  as  this  interruption  of  the  primary  current  is  made  very 

rapid  and  continuous,  a  succession  of  induced  currents  is  made 

to  pass.     The  effectiveness  of  this  induction  coil  increases  with 

the  length  of  wire  in  the  secondary  coil.     Fifty  and  sixty  miles 

of  very  fine  wire  have  been  frequently  used.     In  such  cases  the 

induced  current  of  high  electro-motive  force  may  give  rise  to 

sparks  several  inches  in  length.     Mention  was  made  before  of 

discharge  of  frictional  or  high-tension  electricity  through  rarefied 

g3ses  (see  p.  92).     With  the  spark  from  the  Ruhmkorff  coil 

this  discharge  through  tubes  containing  rarefied  gas  is  very  bril- 

^nt    Such  tubes  are  known  as  Geissler  tubes,   and,  besides 

Wng  filled  with  rarefied  gases,  are  often  made  in  part  of  uranium 

?bss,  which  fluoresces  beautifully  when  illuminated  by  the  electric 

spark. 

The  telephone  is  a' much  more  practical  application  of  the  prin- 
^ples  of  induction.  By  its  means  speech  may  be  transmitted 
through  long  distances  by  the  intervention  of  a  magnet  and  in- 
duced currents  in  a  coil  of  wire  surrounding  the  magnet.  The 
••cntial  parts  of  the  Bell  telephone  can  be  seen  in  Fig.  33. 


lOO  ELEMENTARY  PHYSICS. 

Enclosed  in  the  case,  F,  is  a  magnet.  M,  having  at  one  end  a  coil 
of  very  fine  wire,  and  a  diaphragm  of  very  thin  sheet-iron,  gg. 
which  is  placed  dose  in  front  of  the  magnet.  The  coil  of  wire 
connects  by  the  two  wires  cc  with  binding;  screws,  dd,  at  the  other 
end  of  the  instrument.  When  a  person  speaks  into  the  mouth- 
piece, E,  the  diaphragm  of  thin  metal  vibrates  immediately  before 


Fig.  33. 


the  magnet  and  causes  changes  in  the  lines  of  magnetic  force  and 
so  electric  currents  in  the  coil  which  surrounds  it.  These  currents 
passing  over  the  line  affect  the  strength  of  the  magnet  in  a  corre- 
sponding instrument  at  the  other  end,  and  in  turn  cause  the 
diaphragm  in  front  of  it  to  vibrate,  producing  sound  waves  whidi 
will  perfectly  correspond  with  those  generated  by  the  person 
speaking.  The  Bell  telephone  may  theiefore  serve  either  as  a 
"receiver"  or  a  "transmitter."  The  carbon-button  transmitter 
of  Edison  and  Blake  is,  however,  commonly  used  with  the  Bell 
telephone  receiver. 

Thf  dytiatno-eleclricat  machine  is,  however,  the  most  im- 
portant of  all  electrical  apparatus.  We  have  already  (see  p, 
98)  stated  that  if  a  magnet  is  moved  near  a  wire,  a  current  will 
be  generated  in  the  coil  of  wire,  because  the  lines  of  magnetic 
force  are  cut.  This,  of  course,  may  be  stated  anotlier  way, — if 
a  coil  of  wire  is  moved  in  the  neighborhood  of  a  magnet,  an 
electric  current  is  generated  in  the  wire.  The  common  dynamo 
is  simply  a  series  of  coils  of  wire  with  soft  iron  core,  known  as 
the  "armature,"  revolving  between  the  poles  of  a  powerful 
electro -magnet  known  as  the  "  field  magnet,"  because  producing 
the  magnetic  field  in  which  the  armature  revolves.  At  the  start 
some  slight  residual  magnetism  remaining  in  the  core  of  the  field 
magnet  develops  feeble  currents  in  the  coil  of  the  revolving  arma- 
ture.    These  are  carried  through  the  coil  of  the  electro- magnet. 
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mcreasing^  promptly  its  power  as  a  magnet,  and  this  again  acts 
upon  the  coils  of  the  armature.  A  small  fraction  of  the  current 
developed  in  the  rapidly  revolving  armature  suffices  to  feed  the 
-Add  magnet,  and  the  current  then  passes  off  through  what  is 
known  as  the  **  commutator**  and  collecting  brushes  into  the 
conducting  wires.  We  have  produced  in  this  way  what  is  known 
as  a  continuous  current.  By  dispensing  with  the  commutator, 
and  taking  the  current  directly  from  the  armature,  we  get  alter? 
nating  currents.  The  alternating  current  dynamo  has  some  ad- 
vantages over  a  continuous  current  dynamo,  as  the  electro-motive 
force  of  this  current  may  be  raised  or  lowered  as  desired,  which 
is  not  possible  with  continuous  currents.  It  is  claimed  that  the 
dynamo  is  capable  of  transforming  over  ninety  per  cent,  of  the 
mechanical  power  applied  to  it  into  electrical  energy. 

Electric  motors  do  not  differ  essentially  from  dynamo  machines ; 
in  feict,  the  action  of  the  dynamo  may  be  reversed  and  it  may  be 
iised  as  an  electric  motor  ;  the  rapid  rotation  of  its  armature  may 
be  communicated  to  various  small  machines. 

3.  Change  of  Electrical  Energy  into  Heat. — We  have 
already  referred  to  the  heating  effect  of  the  voltaic  current.  The 
heat  generated  by  the  powerful  currents  of  the  dynamo  machine^ 
when  passing  through  pK>or  conductors  or  encountering  electrical 
resistance  in  any  way,  is  correspondingly  greater.  Two  effects 
of  this  heating  may  be  noticed  :  Electrical  furnaces  for  carrying 
out  metallurgical  operations  which  require  an  intense  heat,  ais  in 
the  Cowles  furnace  for  the  production  of  aluminum  by  the  reduc- 
tion of  its  oxide  by  charcoal,  and  electric  welding,  in  which  case 
two  pieces  of  metal  are  welded  together  by  bringing  them  in 
contact  and  passing  a  powerful  electric  current  through  the  junc- 
ture. Iron,  steel,  brass,  and  copper  may  be  welded  in  this  way 
^  great  success. 

4«  Change  of  Electrical  Energy  into  Light. — The  heating 
rfect  of  powerful  currents  may  be  utilized  for  lighting  purposes 
^  one  of  two  ways.  If  the  two  electrodes  of  the  current  from  a 
powerful  battery  or  dynamo  be  brought  to  within  a  short  distance 
^  each  other,  a  brilliant  arc  light  is  formed,  spanning  the  interval 
l^^een  the  two  terminals.  The  ends  of  the  wires  are  raised  to 
*  white  heat,  and  most  metals  melt  or  volatilize  in  consequence. 
H  however,  the  terminak  consist  of  pencils  of  hard  carbon, 
which  is  infusible,  we  have  the  brilliant  white  light  known  as  the 
«»v  %A/.  The  carbon,  of  course,  burns  away  gradually,  and 
pioviaon  must  be  made  for  keeping  the  distance  between  the 
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two  pencils  constant,  which  is  done  automatically  by  a  suitable 
mechanism  attached  to  the  lamp. 

The  current  is  also  utilized  for  lighting  effects  in  a  still  simpler 
way.  This  is  to  interpose  at  some  point  in  the  circuit  a  conductor 
of  such  resisting  power  that  the  passage  of  the  current  renders 
it  white-hot.  This  is  effected  in  the  imandescent  lamp,  and  the 
substance  utilized  here  is  likewise  carbon.  An  extremely  fine 
filament  of  carbon  is  enclosed  in  an  exhausted  glass  globe,  as 
shown  in  Fig.  34.  which  illustrates  the  Edison  lamp.  This  fila- 
ment or  horse-shoe  of  carbonized  bamboo  is  connected  at  eith»- 
end  by  fine  platinum  wires,  which  are  hised  into  the  glass  and 
pass  through,  connecting  with  the  brass  fitting  of  the  socket  into 
which  the  lamp  is  screwed. 

Arc  lamps  require  a  very  high  electro-motive  force,  usually 
firom  1000  to  3000  volts.     Incandescent  lamps,  on  the  other  hand, 
require  only  50  to  120  volts.     The  one  cur* 
rent  is  likely  to  be  &tal  to  life  if  by  accident 
a  naked  wire  is  touched,  the  other  is  not. 

5.  Change  of  Electrical  Energy  into 
Chemical  Action. — We  have  before  re- 
ferred to  the  effect  of  the  current  in  electrol- 
ysis. This  is  practically  applied  in  the  elec- 
tro-deposition of  such  metals  as  copper, 
nickel,  gold,  and  silver.  In  all  these  cases 
the  metal  b  deposited  at  the  cathode  or 
negative  pole.  If  an  article  to  be  plated 
with  one  of  the  metals  just  referred  to  be 
hung  from  the  negative  pole,  dipping  into 
the  appropriate  salt  solution,  a  plate  of  the 
metal  in  question  is  made  the  positive  pole. 
As  the  metal  separates  at  one  pole  of  the 
current,  corresponding  amounts  are  dissolved 
firom  the  plate  which  constitutes  the  other, 
so  that  the  solution  is  kept  of  constant 
strength.  If  the  current  remain  constant 
the  deposit  will  oe  evenly  made.  Great  use 
is  made  of  electrolytic  copper,  as  it  is  termed, 
in  the  manufacture  of  electrical  apparatus,  as 
such  copper  has  more  uniform  resistance  than  copper  obtained 
by  smelting  the  ores.  Nickel- pUiting,  silver-plating,  and  electro- 
gilding  are  also  extensively  carried  on. 

Secondary  or  storage  batteries  are  applications  o(  this  chai^ 
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of  electrical  energy  into  chemical  action,  as  when  the  secondary 
battery  is  charged  by  a  dynamo,  it  is  simply  put  into  condition 
for  a  prolonged  chemical  reaction,  which  will  develop  as  it  pro- 
ceeds a  certain  amount  of  electricity,  just  as  a  primary  cell  or 
battery  is  capable  of  doing.  When  this  reaction  is  complete,  it 
will  generate  no  further  current,  but  a  dynamo  current  applied 
to  it  is  capable  of  reversing  the  chemical  reaction  just  completed, 
and  so  charging  it  afresh  for  development  of  electricity.  The 
batteries  are  made  of  plates  of  lead  cast  in  a  framework  of  bars 
crossing  each  other  at  right  angles.  The  spaces  between  the 
bars  are  filled  with  a  paste,  which  for  the  positive  plate  is  made 
of  red  lead  and  sulphuric  acid,  and  for  the  negative  plate  of 
litharge  and  sulphuric  acid.  When  the  battery  is  charged  with 
the  dynamo  current,  peroxide  of  lead  is  formed  at  the  positive 
pole  and  spongy  metallic  lead  at  the  negative  pole.  It  is  the 
difference  in  potential  between  the  two  immersed  in  dilute  sul- 
phuric acid  that  gives  us  the  current.  As  the  battery  is  dis- 
charged sulphate  of  lead  is  formed  at  both  poles,  and  at  the  end 
of  the  discharge  they  are  practically  the  same.  The  dynamo 
current  is  then  again  applied,  producing  peroxide  of  lead  and 
^ngy  lead,  as  before. 
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CHEMISTRY  OF  THE  NON-METALS. 


CHAPTER  I. 

PRBUMINARY  THEORETICAL  CONSIDERATIONS. 

I.    Atoms  and  Elemental  Molecules. 

I.  Elemental  and  Compound    Molecules.  —  We    have 
already  stated  in  considering  the  nature  of  matter  (see  p.  14) 
that  the  union  of  like  atoms  gives  simple  or  elementary  matter, 
of  which  chemists  have  distinguished  some  seventy  kinds,  while 
the  union  of  unlike  atoms  gives  compound  matter,  the  varieties 
of  which  are  almost  endless.     Obviously,  it  is  of  prime  impor- 
tance to  the  chemist  to  be  able  to  distinguish  with  certainty 
whether  a  newly-observed  form  of  matter  is  simple  or  compound. 
This  can  be  done  by  submitting  it  to  the  influence  of  what  are 
called  reagetits,  such  as  strong  acids  and  alkalies,  or  at  times  to 
the  influence  of  physical  agencies  alone,  such  as  heat  and  the 
electrical  current.     If,  under  these  circumstances,  two  or  more 
different  kinds  of  matter  result  from  the  decomposition  of  the 
substance  investigated,  we  had  compound  matter  or  compound 
molecules  to  start  with.     But  if  the  effect  of  both  physical  and 
chemical  agents  is  to  leave  us  with  the  one  form  of  matter  originally 
taken,  or  a  simple  derivative  of  it  due  to  the  reagent  used,  we 
have  had  simple  matter  or  a  chemical  element,  as  it  is  called,  to 
^eal  with.     Thus,  salt  if  decomposed  by  electrolysis  will  yield 
sodium  and  chlorine,  or  treated  with  sulphuric  acid  as  a  reagent 
y^  yield  sodium  sulphate  and  hydrochloric  acid,  both  results  go- 
J^g  to  show  that  salt  is  a  compound  molecule  containing  sodium 
*^d  chlorine.     Silver,  on  the  other  hand,  remains  unchanged  by 
physical  agencies,  and  if  acted  upon  by  nitric  acid,  yields  silver 
nitrate  as  sole  product,  thus  proving  its  elemental  character. 

^*  Chemical  Elements  or  Elemental  Molecules. — By 
applying  the  various  methods  of  analysis  to  the  different  forms 
01  matter  found  in  nature,  chemists  have  come  to  a  knowledge 
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Element. 

Discoverer 

Date 

Element. 

Discoverer. 

Date. 

Silicon 

Berselius 

.    1823 

Thorium 

Berzelius 

.    1828 

Silver    {Argen- 

Tin  {Slannum)  . 

,  Ancients. 

turn)         .    . 

AncUnis. 

Titanium     .   . 

Klaproth  .   . 

•    1795 

Sodium        {JVa- 

Tungsten  (If^ol- 

trium)  .   .   .   . 

Davy .   •  .   . 

.    1807 

/ram) 

De  Luyart 

1783 

Strontium  .  .  . 

.  Davy     .   .   . 

1808 

Uranium .   .   . 

.  Klaproth  .    . 

1789 

Sulphur      .  . 

Ancients, 

Vanadium 

.  Sefstroeni     . 

.    1830 

Tantalum 

,  Ekeberg    .    . 

.   x8o2 

Ytterbium  .   . 

.  Marignac 

.    1872 

Tellurium  .   . 

.  Klaprolh 

.  1798 

Yttrium       .    . 

.  irdhler     .    . 

.    1843 

Terbium 

Mosander 

1843 

Zinc      .   .   . 

Paracelsus  , 

15- 

Thallium    .   . 

.  Crookes     .   . 

•    x86x 

Zirconium 

.  Berzelius     . 

.    1824 

3.  Number  of  Atoms  in  Elemental  Molecules. — The 
terms  molecular  weight  and  atomic  weight,  and  the  methods  of 
their  experimental  determination,  will  be  more  fully  explained 
later.  It  is  obvious  that  if  the  weight  of  an  elemental  molecule 
be  divided  by  the  weight  of  the  elemental  atom  contained  in  it, 
the  number  of  such  atoms  that  the  molecule  contains  will  be 
obtained.  Most  of  the  elemental  molecules  examined  in  this  way 
prove  to  be  diatomic  ;  that  is,  contain  two  atoms.  The  excep- 
tions so  far  ascertained  are, — 


Monatomic. 

Triatomic. 

Tetratomic. 

Hexatomlc. 

Mercury. 

Oxygen  (in  the  form 

Phosphorus. 

Sulphur (at  about 

Cadmium. 

of  ozone). 

Arsenic. 

550°  C). 

Zinc. 

Selenium       (below 

Barium. 

800°  C). 

4.  Properties  of  Atoms. 

a.  Atomic  Weight  or  Mass, — We  do  not  know,  nor  is  it  likely 
that  we  shall  ever  be  able  to  determine  experimentally,  the  abso- 
lute weight  of  either  atoms  or  molecules.  The  numbers  which 
we  assign  to  the  atoms  therefore  are  not  absolute  but  relative. 
The  weight  with  which  the  hydrogen  atom  enters  into  chemical 
combination,  being  less  than  that  of  any  other  element,  is  chosen 
^the  standard,  and  the  other  atomic  weights  are  based  upon  this 
^  unity.  The  relative  atomic  weights  of  the  elements  were  sup- 
V^  according  to  Prout*s  law  to  be  whole  numbers,  multiples 
01  unity,  but  the  most  accurate  determinations  now  accepted  give 
"*^ny  numbers  carrying  fractions  as  the  correct  atomic  weights. 
To  determine  the  atomic  weight  of  an  element  we  must  know  its 
'^ion  to  hydrogen.  Where  it  forms  a  compound  with  hydro- 
?^i  analysis  of  this  compound  will  give  us  the  ratio  of  weight 
*^ween  the  element  and  hydrogen.  If  a  single  atom  of  each 
dement  be  present  in  the  compound,  as  in  hydrogen  chloride, 
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oxygen  develops  its  variation.     The  same  thii^  holds  true  of 
sulphur  and  of  nitrogen. 

5.  Use  of  Atomic  Symbols. — An  abbrex-ialed  form  of  ei- 
presdon  rendered  necessarj-  by  the  constant  use  of  the  names  of 
the  chemical  elements  was  proposed  in  1815  by  Berzelius.  and 
now  in  universal  use.  It  consists  in  talcir^  the  fir^t  letter  of  the 
Latin  name  of  the  element,  or  the  initial  and  a  second  letter 
gestive  of  the  name.  Thus,  H  stands  for  hydrogen,  O  for  oiy- 
gen,  CI  for  chlorine.  K  for  potassium  (kalium),  and  C  for  carbon. 
For  a  fill!  list  of  the  symbols  see  the  table  in  Appendix. 

Each  symbol  stands  for  one  atom  of  the  element  in  quesdon. 
It  has  also  come  to  represent  a  definite  amount,  viz.,  the  atomic 
mass  or  we^ht  of  the  element. 

Using  these  symbok.  it  becomes  easy  to  indicate  the  groupit^ 
of  atoms  to  form  molecules,  both  elemental  and  compound,  and 
the  multiplication  of  atoms  or  of  molecules.  Thus,  the  molecule 
of  ordinary  oxygen,  before  referred  to  as  diatomic,  is  written  O^ 
while  that  of  ozone  (see  p,  166)  is  written  O,.  The  molecule 
of  water,  or  hydrogen  oxide,  is  »-ritten  HjO,  in  which  case  the 
numeral  ,  following  the  H  applies  to  it  and  it  alone.  The  multi- 
plication of  a  molecule  may  be  indicated  by  the  use  of  the  s; 
numeral  placed  to  the  right  below,  but  outside  of  a  parenlh< 
Thus,  (H,0),  means  two  molecules  of  hydrogen  oxide.  Some* 
times  the  same  thing  is  indicated  by  the  use  of  a  large  numer^ 
placed  before  the  symbols  representing  the  molecule,  as  aHjO. 
In  this  case  a  parenthesis  is  unnecessary,  as  the  large  2  multiplies 
the  entire  molecule  following  and  not  merely  the  single  symbol, 

6.  Graphic  Symbols  for  Valence. — When  it  is  desired  to 
indicate  the  valence  of  an  element,  a  Roman  numeral  is  placed  to 
the  right  above,  thus  :  S"  or  S'*".  These  valence  marks  are  not 
used  ordinarily  in  writing  formulas  or  expressing  reactions  be- 
tween chemical  substances,  but  only  in  so-called  graphic  formulas^ 
Lines  are  sometimes  used  to  indicate  the  linking  of  atoms  to 
each  other.  These  are  known  as  bonds.  Thus,  H — O — H  or 
H — O — H  may  be  used  as  the  graphic  representation  of  hydro- 
xide, or  it  may  be  written  jrl  10  or  jj>0. 


gene 


II,    Compound  Molecules, 


We  have  already  stated  that  the  union  of  unlike  atoms  gives 
compound  matter  or  compound  molecules.  Two  cases  may 
arise  in  their  formation.     The  atoms  composing  them  may 
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directly  united,  and,  as  there  can  be  but  two  kinds  of  atoms 
in  this  case,  such  molecules  are  called  binary ;  or  the  atoms 
may  be  indirectly  united  to  each  other,  and,  as  such  molecules 
will  contain  three  or  more  kinds  of  atoms,  they  are  called 
ternary. 

I.  Binary  Molecules. — These,  as  just  stated,  contain  but  two 
kinds  of  atoms,  as  in  the  case  of  common  salt,  which  contains  an 
atom  of  sodium  combined  with  an  atom  of  chlorine,  and  in  ferric 
oxide,  which  contains  two  atoms  of  iron  combined  with  three 
atoms  of  oxygen.  The  whole  number  of  atoms  present  is  not 
limited,  but  they  must  be  directly  united  according  to  their 
valence.  This  is  shown  by  writing  the  compounds  just  mentioned 
with  the  aid  of  graphic  formulas.     Na — CI  represents  the  mole- 

Fe=0 
cule  of  salt  and        >0    that  of  ferric  oxide. 

Fe=0 

Binary  molecules  are  named  by  placing  the  name  of  the  posi- 
tive element  first  and  then  the  name  of  the  negative  element,  the 
tennination  of  which  is  changed  to  ide.  Thus,  sodium  and 
chlorine  form  sodium  chloride,  hydrogen  and  oxygen  form  hy- 
drogen oxide.  The  name  of  the  positive  element  remains  un- 
changed»  except  where  because  of  its  variation  in  valence  it  enters 
into  combination  with  the  negative  element  in  two  or  more 
ratios.  In  this  case  the  positive  element  may  take  the  termina- 
tion oui  or  ic^  according  as  it  shows  the  lower  or  the  higher 
valence.  Thus,  we  have  ferrous  oxide  and  ferric  oxide,  stannous 
diloride  and  stannic  chloride. 

In  a  few  cases  the  variation  in  valence  is  such  that  more  than 
these  two  designations  are  required.  We  are  able  to  extend  the 
list  sufficiently  by  the  use  of  the  prefixes  hypo,  meaning  *  *  under, '  * 
and/^,  meaning  **  beyond."  The  first  of  these  is  applied  to 
the  word  ending  in  ous  and  the  second  to  the  word  ending  in  ic. 
Thus,  we  have  four  oxides  of  chlorine, — viz. ,  hypochlorous  oxide, 
dilorous  oxide,  chloric  oxide,  and  perchloric  oxide.  Similarly 
the  oxides  of  sulphur  are  hyposulphurous  oxide,  sulphurous 
oxide,  and  sulphuric  oxide. 

As  the  application  of  these  changes  to  the  name  of  the  positive 
element  has  been  irregular  at  times,  the  use  of  numeral  prefixes 
Ijas  also  been  taken  for  the  purpose  of  exactly  indicating  the 
^^position  of  the  molecule.  Thus,  carbon  monoxide  and  carbon 
dioxide  are  generally  used  instead  of  carbonous  oxide  and  car- 
bonic oxide. 
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The  combination  of  chemical  symbols  to  express  the  compo- 
sition of  a  molecule  is  called  2l  formula.  The  formulas  of  binary 
molecules  are  obtained  by  placing  the  symbols  of  the  constituents 
one  after  the  other,  the  positive  first.  Thus,  NaCl  stands  for 
sodium  chloride,  KBr  for  potassium  bromide,  MgO  for  mag- 
nesium oxide. 

In  forming  binary  molecules  and  writing  their  formulas  it  is 
important  to  bear  in  mind  that  atoms  do  not  exist  in  the  fi^ee 
state,  but  must  come  from  other  molecules,  whether  elemental  or 
compound.  It  is  therefore  an  exchange  or  replacement  that 
takes  place  when  a  binary  molecule  is  to  be  formed.  This  re- 
placement, moreover,  must  always  follow  the  laws  of  valence. 
Thus,  sodium  chloride,  NaCl,  may  be  considered  as  formed  from 
the  sodium  molecule  (Na,)  and  the  chlorine  molecule  (Cl^)  by 
interchange  of  atoms,  or  we  may  form  it  from  hydrogen  chloride, 
HCl,  by  the  replacement  of  an  H  atom  by  an  equivalent  Na  atom. 
In  the  formation  of  zinc  chloride,  ZnCl,,  we  would  replace  two 
hydrogen  atoms  of  2 HCl  by  the  dyad  atom  Zn,  and  so  on,  ac- 
cording to  the  valence  of  the  replacing  atom. 

It  is  sometimes  convenient  to  consider  unsaturated  groups  of 
atoms  as  acting  together  like  units  in  the  formation  of  compound 
molecules.  Thus,  if  we  withdraw  an  H  atom  from  the  formula 
HgO,  we  have  an  unsaturated  residue  (OH)  with  the  valence  one, 
which  is  often  taken  as  uniting  with  other  atoms  or  groups  to 
form  saturated  compound  molecules.  This  unsaturated  group  or 
compound  radical  (OH)*  is  called  hydroxy L  Similar  compound 
radicals  are  the  groups  (PO)*"  cdWedphosphoryl,  (CO)"  carbonyl, 
(SO,)"  suiphuryl,  (NO,)*  nitroxyl,  (Hj,N)»  amidogen,  and  (CN)' 
cyanogen.  Compound  radicals  with  an  uneven  valence  cannot 
exist  in  a  free  state,  but  may  unite  with  a  similar  group  to  form  a 
molecule  as  like  atoms  unite  to  form  elemental  molecules.  On 
the  other  hand,  compound  radicals  with  an  even  valence,  like 
CO  and  SO,,  may  exist  in  a  free  state,  but  still  tend  to  take  up 
other  atoms  or  groups  and  become  saturated. 

2.  Ternary  Molecules. — The  indirect  linking  of  the  atoms 
in  ternary  molecules  involves  the  idea  of  one  of  the  atoms  acting 
as  intermediary  or  standing  between  the  others,  which  are  held 
together  in  the  molecule  only  by  the  aid  of  this  linking  atom. 
It  is  obvious  from  their  definition  that  the  linking  atom  must  be 
of  higher  valence  than  one.  In  practice  we  have  only  two  classes 
to  note  :  first,  those  in  which  the  linking  atom  is  a  dyad ;  and, 
second,  those  in  which  the  linking  atom  is  a  triad. 
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Of  the  dyad  elements,  oxygen  and  sulphur  are  the  only  ones 
to  form  compounds  of  importance,  and  in  by  far  the  larger  num- 
ber of  cases  the  element  oXygen  is  the  linking  element.  The 
ternary  molecules  in  which  oxygen  acts  in  this  way  may  be  divided 
into  three  classes  according  to  the  nature  of  the  atoms  thus  joined 
together,  viz.,  acids,  doses,  and  sa/ts.  To  distinguish  the  acids 
and  salts  thus  formed  from  another  class  of  acids  and  salts  to  be 
referred  to  shortly,  they  are  sometimes  called  oxyacids  and  oxy- 
salts. 

The  general  formula  of  a   ternary  acid   (oxyacid),  then,  is 

R — O — H,  in  which  R  stands  for  an  electro- negative  atom  or 
group  of  atoms. 

The  general  formula  of  a  base  is  R — O — H,  in  which  R  stands 

for  an  electro-positive  atom  or  group  of  atoms. 

+  — 

The  general  formula  of  a  ternary  salt  (oxysalt)  is  R — O — R, 
in  which  a  positive  atom  or  group  is  united  by  the  aid  of  oxygen 
to  an  electro-negative  atom  or  group  of  atoms. 

As  a  molecule  of  water  may  be  written  H — O — H,  these  three 
dasses  of  compounds  may  be  considered  as  derived  from  water 
by  the  replacement  of  one  of  its  H  atoms  by  either  positive  or 
negative  elements  in  the  case  of  the  base  or  acid  respectively,  or 
of  both  H  atoms  in  the  case  of  the  salt,  one  by  positive  and  the 
other  by  negative  atoms.  Hence  these  three  classes  of  com- 
pounds are  often  said  to  be  formed  on  the  water  type.  They 
are  also  called  acid,  basic,  and  neutral  hydrates  respectively. 

Besides  the  ternary  acids,  we  have  also  the  class  of  haloid  acids. 
These  are  binary  molecules  in  which  the  halogen  elements  (CI, 

Br,  I,  and  F)  unite  with  hydrogen  to  form  acid  gases. 
The  term  acid,  in  its  broadest  sense,  may  then  be  defined  as  a 

^(^P<mnd  of  hydrogen  with  an  electro-negative  element  or  group 

<^f  elements.     This  definition  will  include  the  haloid  acids  and  the 

oxyacids. 
Besides  the  ternary  salts,  we  have  also  the  class  of  haloid  salts. 

These  are  binary  molecules  in  which  the  hydrogen  elements  are 

^lirectly  united  with  electro-positive  elements  or  metals  to  form 

neutral  salts. 
A  salt,  therefore,  may  be  defined  as  an  electro-positive  atom  or 

group  of  atoms  combined  with  an  electro-negative  atom  or  group. 
The  definition  of  a  base  follows  from  the  general   formula 

R— 0 — H,  given  before. 
Sulpho-acids,  bases,  and  salts  are  also 
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plays  the  linking  part,  corresponding  to  ternary  acids,  bases,  and 
salts. 

Of  the  triad  elements  which  have  a  linking  function,  nitrogen, 
phosphorus,  and  arsenic  may  be  mentioned.  Only  the  mole- 
cules containing  nitrogen  need  be  noted.  They  form  three  classes, 
corresponding  to  the  acids,  bases,  and  salts  of  the  water  type. 
These  nitrogen-containing  molecules  may  all  be  referred  to  the 
type  of  H3N  (ammonia),  and  are  sometimes  referred  to  as  derived 
ammonias.  The  three  classes  are  known  as  amides^  amines^  and 
alkaJamides  respectively.  They  will  be  referred  to  more  fully 
under  Organic  Chemistr)-. 

3.  Method  of  Formation  of  Ternary  Molecules. — We 
have,  for  the  sake  of  showing  the  difference  of  constitution,  thus 
far  referred  to  acids,  bases,  and  salts  as  built  upon  the  water  type. 
We  must  not  supjwse,  however,  that  they  are  always  or  even 
generally  derived  from  water  by  the  replacement  of  hydrogen 
atoms.  They  may  be  formed  by  the  union  of  two  binary 
molecules,  as  when  calcium  oxide  and  carbon  dioxide  unite  to 
form  calcium  carbonate,  a  positive  oxide  and  a  negative  oxide 
uniting  in  this  case  to  form  a  ternary  salt.  Similarly,  calcium 
oxide  may  unite  with  hydrogen  oxide  to  form  calcium  hydrate, 
a  positive  oxide  and  water  uniting  to  form  a  basic  hydrate ;  or 
sulphur  dioxide  may  unite  with  hydrogen  oxide  to  form  sul- 
phurous acid,  a  negative  oxide  and  water  uniting  to  form  an  acid 
hydrate  or  oxyacid. 

Still  more  frequent  is,  however,  the  formation  of  ternary  mole- 
cules by  substitution.  Thus,  the  hydrogen  of  an  acid  is  readily 
replaceable  by  its  equivalent  amount  of  a  metal,  and  the  result  is 
a  salt ;  or  if  the  hydrogen  of  a  base  is  replaced  by  a  negative 
atom  or  group  of  atoms,  the  result  is  also  a  salt.  Or  starting  with 
the  salt,  by  the  displacement  or  withdrawal  of  its  f>ositive  atom  an 
acid  may  result,  hydrogen  going  into  the  place  of  the  metal ;  if 
its  negative  group  be  withdrawn  by  the  attraction  of  a  strong  base, 
the  salt  may  be  changed  into  a  basic  hydrate.  In  illustration  of 
these  several  changes  we  may  take  the  change  from  sulphuric 
acid  to  zinc  sulphate  by  displacement  of  hydrogen  by  zinc,  the 
change  from  calcium  hydrate  to  calcium  carbonate  by  the  intro* 
duction  of  the  negative  carbonyl  group  in  the  place  of  hydrogen, 
the  change  from  potassium  nitrate  to  hydrogen  nitrate  (nitric 
acid)  by  the  withdrawal  of  the  potassium  while  hydrogen  takes 
its  place,  and  the  change  from  copper  sulphate  to  copper  hydrate 
on  the  addition  of  an  alkali. 
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4.  Notation  and  Nomenclature  of  Ternary  Molecules. 
—The  notation  of  ternary  molecules,  like  that  of  binaries,  is  based 
upon  the  valence  of  the  component  atoms.  This  is,  of  course, 
modified  by  the  replacement  of  atoms  by  other  atoms  or  atomic 
groups,  but  a  graphic  formula  showing  the  linking  of  the  atoms 
by  bonds  should  be  possible  in  all  cases.  This  will  be  shown 
bter  by  our  illustrations. 

The  nomenclature  of  ternary  molecules  follows  simple  rules. 
Acids,  bases,  and  salts  are  all  named  from  their  constituent  atoms. 
The  positive  element,  as  in  the  case  of  binaries,  comes  first,  and 
is  not  changed  except  to  indicate  its  variation  in  valence.  The 
termination  of  the  negative  element  is  changed  and  differs  from 
that  found  in  binaries  to  indicate  the  fact  that  it  is  not  directly 
united,  as  was  the  case  in  the  binary  molecule.  The  negative 
terminations  are  always  ate  and  ite.  The  naming  of  acids,  bases, 
and  salts  will  be  considered  separately. 

a.  Acids, — ^These,  it  will  be  remembered,  are  negative  hydrates. 
They  all  contain  hydrogen  linked  by  oxygen  to  an  electro-negative 
atom  or  group  of  atoms.     Two  methods  of  naming  are  in  use. 
They  may  be  called  by  the  same  names  as  the  corresponding 
negative  oxides,  from  which  they  are  supposed  to  have  been 
foraied  by  the  addition  of  water,  merely  substituting  the  name  acid 
for  that  of  oxide,  as  sulphuric  acid  fi'om  sulphuric  oxide,  nitrous 
add  from  nitrous  oxide,  and  hypochlorous  acid  fi"om  hypochlorous 
oxide ;  or  they  may  be  considered  as  hydrogen  salts  of  the  acids 
and  so  named.     Thus,  sulphuric  acid  is  sometimes  called  hydro- 
gen sulphate,  nitrous  acid  hydrogen  nitrite,  and  hypochlorous 
acid  hydrogen  hypochlorite.     In  this  case  it  will  be  noted  that 
to  the  termination  /V,  characteristic  of  the  binary,  corresponds 
the  termination  ate  of  the  ternary,  and  to  the  termination  ous 
corresponds  the  termination  ite. 

As  stated,  acids  contain  a  negative  atom  or  group  of  atoms 
linked  by  oxygen  to  hydrogen.     When  the  negative  atom  itself 

• 

w  so  linked,  the  number  of  atoms  of  oxygen  and  hydrogen  (or 
hydroxyl  groups  OH)  corresponds  exactly  to  its  valence.  Such 
^ds  are  sometimes  called  ortho-acids.  Thus,  in  the  list  of  oxy- 
^ds  of  chlorine  we  would  have  CP"(OH)7  orthoperchloric  acid, 
Cl^(OH)^  orthochloric  acid,  Cl"'(OH)3  orthochlorous  acid,  and 
Q(OH)  orthohypochlorous  acid.  It  has  been  found,  however, 
that  such  compounds  containing  a  number  of  OH  groups  linked 
to  one  negative  atom  are  unstable  and  tend  to  split  oflf  one  or  more 
'W)lecules  of  water,  leaving  a  modification  of  the  original  ortho- 
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acid.  Such  derived  acids  are  termed  meta-acids.  It  is  obvious, 
on  examining  the  formula  of  such  an  acid  as  orthoperchloric  acid 
given  above,  that  the  loss  of  one  molecule  of  water  will  mean  the 
breaking  up  of  two  hydroxy  1  groups  and  the  leaving  of  one  atom 
of  oxygen  in  their  place.  This  is  thus  expressed,  C1^"0(0H)5. 
The  withdrawal  of  a  second  molecule  of  water  will  give  us 
Cr"Oa(OH)3,  and  of  a  third  molecule  of  water  €^"03. OH. 
All  of  these  acids  are  perchloric  acids,  and  all  would  be  called 
meta-acids.  Most  of  the  common  acids  are  of  this  class,  repre- 
senting the  more  stable  compounds,  the  full  ortho-acid  being  in 
most  cases  unstable.  Thus,  S^''02.(OH)3  is  the  formula  of  com- 
mon sulphuric  acid,  N^Oj.OH  is  the  formula  of  common  nitric 
acid,  and  C^^O.COH)^  is  the  formula  of  carbonic  acid.  In  the 
case  of  phosphoric  acid  two  of  these  meta-acids  are  readily 
obtainable,  P''0.(0H)3  and  P^Ojj.OH,  the  first  being  the  more 
stable. 

It  has  been  stated  that  the  acid  is  changed  into  a  salt  by  the 
replacement  of  its  hydrogen  atoms  by  metal.  As  in  the  case  of 
the  oxyacids  this  hydrogen  must  be  linked  to  the  negative  atom 
or  group  by  the  aid  of  oxygen,  the  number  of  OH  (hydroxyl) 
groups  is  the  measure  of  the  amount  of  metal  that  can  be  intro- 
duced. We  term  this  the  basicity  of  an  acid, — that  is,  its  base- 
neutralizing  power.  This  basicity,  therefore,  depends  upon  the 
number  of  hydroxyl  groups  contained.  Thus,  SO^.COH),  is 
dibasic,  NO^.OH  is  monobasic,  CO(OH)jis  dibasic,  POCOH),  is 
tribasic,  and  PO^.OH  is  monobasic.  These  common  acids  are  all 
meta-acids ;  in  all  ortho-acids  the  basicity  is  of  course  equal  to 
the  valence  of  the  negative  atom. 

b.  Bases. — ^These  are  positive  hydrates,  containing  hydrogen 
linked  by  oxygen  to  an  electro-positive  element.  They  are 
usually  named  by  giving  the  name  of  the  positive  atom  followed 
simply  by  the  term  hydrate,  as  potassium  hydrate,  KOH,  calcium 
hydrate,  Ca(OH)j,  ferrous  hydrate,  Fe(OH)j,  and  ferric  hydrate, 
FejCOH)^.  These  are  all  what  may  be  termed  ortho-bases. 
Few  meta-bases  arc  known,  as  it  is  only  when  the  number  of  OH 
groups  is  large  that  they  tend  to  form.  Thus,  from  FejCOH)^ 
we  obtain  by  the  loss  of  water  successively  FejO(OH)4  ^^^ 
FeaOjCOH)^,  which  latter  then  passes  into  FcjO,,  which  is  ferric 
oxide. 

The  number  of  OH"  groups  here  determines  also  the  saturating 
power  of  the  base,  which  is  called  the  acidity  of  the  base.  Thus, 
K.OH  is  mon-acid,  Ca(OH)a,  di-acid,  etc. 
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c.  Salts. — These  are  formed  by  the  union  of  acids  and  bases, 
or  by  replacing  the  hydrogen  of  an  acid  by  metal  and  the  hydro- 
gen of  a  basic  hydrate  by  a  negative  group  of  atoms. 

A  salt  is  named  by  placing  the  name  of  the  positive  atom  first 
and  then  that  of  the  negative  group,  ending  in  either  ate  or  ite^ 
according  as  the  acid  or  acid-forming  oxide  ended  in  ic  or  oiis. 
Thus,  fix>m  sodium  oxide  and  nitric  acid  is  formed  sodium  nitrate, 
and  from  potassium  hydrate  and  hypochlorous  acid  is  formed 
potassium  hypochlorite. 

In  considering  the  formulas  of  salts,  we  must  bear  in  mind  the 
basicity  of  the  acid  and  the  valence  of  the  positive  atom.  Thus, 
if  we  have  a  monad  metal  like  sodium  and  a  monobasic  acid  like 
nitric  acid  they  will  exactly  balance,  and  sodium  nitrate,  NaNOg, 
is  the  result.  If  with  a  dyad  metal  like  calcium  we  unite  nitric 
acid,  we  must  take  two  molecules  of  the  latter  to  form  the  salt 
CaCNOg),.  Similarly,  if  we  take  sodium  and  a  dibasic  acid  like 
sulphuric,  we  must  take  two  atoms  of  the  metal  to  neutralize 
one  molecule  of  the  acid  and  form  the  salt  NajS04.  ^^  general, 
to  form  a  neutral  salt  such  number  of  atoms  of  metal  and  mole- 
cules of  acid  must  be  taken  as  will  furnish  exactly  the  same  num- 
ber of  bonds.  If  a  lesser  number  of  atoms  of  metal  be  taken  than 
demanded  by  the  basicity  of  the  acid,  the  salt  will  still  partake 
somewhat  of  the  character  of  an  aqjd  ;  if  the  acidity  of  the  base  be 
not  completely  satisfied  by  acid,  the  salt  will  have  something  of 
the  charactier  of  a  base.  Hence  we  distinguish  three  classes  of 
salts  :  normal  {ox  neutral)  salts ^  in  which  the  base  and  acid  exactly 
counterbalance  each  other  ;  acid  salts^  in  which  the  hydrogen  of 
the  acid  is  not  completely  replaced  by  metal ;  and  basic  salts,  in 
which  the  hydrogen  of  the  base  is  not  completely  replaced  by 
acid-forming  groups.  Thus,  NaaS04  is  neutral  sodium  sulphate, 
while  NaHSO^  is  acid  sodium  sulphate  ;  HNajP04  and  H^NaPO^ 
are  both  acid  salts,  while  Na3P04  is  a  neutral  sjilt ;  Ca(N03)j  is 
neutral  calcium  nitrate,  while  Ca(0H)N03  is  basic  calcium  nitrate. 

III.     Laws  of  Combination  by  Weight  and  Volume. 

X.  Relation  of  Molecules  and  Volumes. —According  to 
the  law  of  Avogadro,  equal  volumes  of  all  substances  in  the 
gaseous  state  contain  the  same  number  of  molecules,  and  there- 
fore, as  a  consequence,  the  molecules  of  all  substances  when  in 
the  gaseous  state  are  of  the  same  size.  We  are  thus  able  to 
compare  equal  volumes  of  gaseous  bodies  just  as  if  wc  were 
comparing  single  molecules  of  the  respective   substances.      In 
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this  way  we  can  experimentally  determine  the  relative  molecular 
weights,  taking  the  weight  of  the  hydrogen  molecule  as  standard. 

2.  Laws  of  Combination  by  Weight.— We  owe  to  the 
English  chemist  John  Dalton  two  important  laws,  that  of  com- 
bination in  constant  proportions  and  that  of  combination  in 
multiple  proportions.  According  to  the  first,  each  element  com- 
bines  with  the  others  in  a  fixed  and  definite  proportion  by  weighty 
and  according  to  the  second,  when  two  elements  unite  in  several 
different  proportions  these  are  simple  multiples  of  each  other. 
Based  upon  these  two  laws  we  have  the  atomic  hypothesis  of 
Dalton,  which  furnishes  the  explanation  of  these  relations. 

3.  Laws  of  Combination  by  Volume. — The  French  chem- 
ist Gay-Lussac  has  stated  these  relations  also  in  two  laws.  Ac- 
cording to  the  first,  the  ratio  in  which  gases  combine  by  volume 
is  always  a  simple  one^  and  according  to  the  second,  the  volume 
of  the  gaseous  product  obtained  in  a  combination  bears  a  simple 
ratio  to  the  volumes  of  its  constituents. 

These  laws  of  combination  by  volume  are  illustrated  in  the 
formation  of  certain  typical  hydrogen  compounds. 

One  volume  of  hydrogen  and  one  volume  of  chlorine  combine 
to  form  two  volumes  of  hydrogen  chloride. 


H, 

+ 

CI, 



HCl 

HCl 

Two  volumes  of  hydrogen  and  one  volume  of  oxygen  combine 
to  form  two  volumes  of  water  vapor. 


H. 

+ 

0, 

■ 

HaO 

H,0 

H. 

Three  volumes  of  hydrogen  and  one  volume  of  nitrogen  com- 
bine to  form  two  volumes  of  ammonia. 


H, 


+   i  Nj 


I 1 — 

=    1H3N   HaN 


:  H, 
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Four  volumes  of  hydrogen  and  one  volume  of  carbon  vapor 
combine  to  lorm  two  volumes  of  methane. 


+ 


H4C 

H4C 

4.  Relation  of  Density  to  Molecular  Weight. — As  stated, 
atomic  weights  are  relative  numbers  based  on  the  weight  of  the 
hydrogen  atom  as  unity.  Molecular  weights  are  obtained  by 
adding  together  the  weights  of  the  constituent  atoms  in  a  mole- 
cule. Thus,  the  hydrogen  molecule  containing  two  atoms  would 
weigh  2,  and  as  the  molecule  of  hydrogen  chloride  containing 
one  hydrogen  atom  and  one  chlorine  atom  weighs  i  +35.5  or 
36.5,  the  weights  of  the  two  molecules  are  as  36.5  to  2  or  as  18.25 
to  I.  Hence  the  rule  usually  given,  that  the  density  of  any  body 
in  the  state  of  gas  is  half  the  molecular  weight.  Conversely  it 
Js  possible  by  experimentally  determining  the  density  of  any 
gaseous  body  to  arrive  at  its  molecular  weight. 

IV.    Chemical  Reactions  and  Equations. 

I*  Meaning  of  Reactions  and  their  Expression  in  Equa- 
^Ons.— A  reaction  is  a  chemical  change  taking  place  within  a 
'Molecule  or  between  two  or  more  molecules.  The  several  sub- 
stances taking  part  in  the  change  are  called  reagents.  Moreover, 
^  each  molecule  concerned  has  its  proper  chemical  formula,  we 
^n  state  the  reaction  by  the  use  of  these  formulas.  If  the  several 
^^ents  taking  part  in  the  reaction  are  placed  together  connected 
"y  the  sign  plus  and  made  equal  to  the  several  compounds  which 
'^ult  also  connected  by  the  sign  plus,  we  have  a  chemical  equa- 
"^'  In  this  case  the  substances  entering  into  the  reaction  arc 
^^  the  factors^  and  the  substances  issuing  from  the  reaction 
^re  called  the  products. 

Moreover,  as  every  atom  has  its  proper  atomic  weight,  which 
^  not  altered  through  all  the  changes  and  rearrangement  in  new 
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molecules,  the  chemical  equation  must  be  capable  of  change  into 
a  numerical  equation  in  which  both  sides  must  sum  up  alike. 

2.  Conditions  favoring  Reactions. — As  we  have  learned  in 
considering  the  several  states  of  matter,  the  molecules  are  freer 
to  move,  and  so  come  into  the  sphere  of  action,  when  in  the  liquid 
or  gaseous  state  than  when  solid.  Hence  fusion  or  solution  of 
solids  and  vaporization  of  liquids  are  steps  which  facilitate  chem- 
ical reaction.  In  many  cases  the  mixing  of  two  solids  produces 
no  reaction,  but  the  same  solids  will  react  if  fused  together,  or, 
if  soluble  in  the  same  menstruum,  when  their  solutions  are  ad- 
mixed. 

Two  other  points  should  be  noted  as  favoring  chemical  change. 
If  two  substances  are  taken  in  solution  and  then  mixed,  a  product 
may  form  which  is  insoluble  in  the  menstruum  employed.  This 
is  called  a  precipitate.  If  such  precipitate  can  form  by  the  re- 
arrangement of  the  molecules  taken  in  any  case,  we  have  an 
immediate  formation  and  the  reaction  goes  on  to  completion. 
Again,  the  reaction  of  two  substances  may  cause  the  liberation 
of  a  gas.  In  such  case  the  reaction  is  a  ready  one  and  proceeds 
steadily  to  completion. 

3.  Classification  of  Reactions. — The  simplest  kind  of  re- 
action is  that  which  simply  represents  the  breaking  up  of  a 
complex  molecule  into  simpler  ones.  Such  change  is  frequently 
brought  about  by  heat.  Thus,  calcium  carbonate  under  the  in- 
fluence of  heat  breaks  up  into  calcium  oxide  and  carbon  dioxide, 
thus  expressed,  CaCOg  =  CaO  +  COj,  or  potassium  chlorate  is 
decomposed  into  potassium  chloride  and  oxygen,  2KCIO3  = 
2KCH-(0,)3. 

The  reverse  of  this  is  found  when  two  simple  molecules  unite 
to  form  a  more  complex  one.  Thus,  hydrogen  and  chlorine 
unite  to  form  hydrogen  chloride,  H^  +  Clj,  =  2HCI,  or  calcium 
oxide  unites  with  water  to  form  calcium  hydrate,  CaO  +  H^O  = 
Ca(OH)a. 

The  great  majority  of  reactions,  however,  involve  two  factors 
which  by  their  reaction  yield  two  products,  an  interchange  of 
atoms  taking  place.  In  such  cases  it  must  be  remembered  that 
this  interchange  must  be  according  to  the  laws  of  valency,  and 
each  atom  or  group  of  atoms  transferred  from  one  molecule  to 
another  must  be  replaced  by  its  exact  equivalent. 

Thus,  silver  nitrate  and  sodium  chloride  when  in  solution  react 
with  each  other  to  produce  silver  chloride  and  sodium  nitrate, 
AgNOg  +  NaCl  =  AgCl  +  NaNOg.    Again,  sodium  chloride  and 
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sulphuric  acid  react  to  form  sodium  sulphate  and  hydrogen  chlo- 
ride, 2NaCl  +  HjSO^  =  Na^SO^  +  2HCI. 

4.  Calculations  from  Equations. — As  before  stated,  every 
atomic  symbol  stands  for  a  definite  amount  of  an  element  known 
as  its  atomic  weight.  Hence  every  molecular  formula  stands  for 
a  definite  molecular  weight,  and  every  chemical  equation  is  capa- 
ble of  translation  into  numbers. 

This  makes  it  possible  to  calculate  readily  a  variety  of  numeri- 
cal relations  both  from  molecular  formulas  and  from  chemical 
equations.      Thus,  the  percentage  composition  of  any  chemical 
compound  is  readily  calculated  from  its  formula.    If  w  represents 
the  molecular  weight,  a  the  weight  of  any  constituent  atom,  n  the 
number  of  atoms  of  this  constituent,  and  x  its  percentage  amount, 
we  have  the  proportion  m  ,  an  \\  loo  \  x.     This  expression  by 
the  well-known  **rule  of  three"  will  enable  us  to  ascertain  the 
values  of  w,  a,  «,  or  x^  the  other  terms  being  known. 

The  most  generally  required  calculations,  however,  are  those  of 
quantities  entering  into  or  produced  in  chemical  reactions.     For 
these  the  molecular  weights  of  the  factors  and  the  products  of  a 
reaction  are  needed.     Thus,  if  we  take  the  reaction  2NaN03  + 
H^04=  Na^SO^  H-  2HNO8,  and  put  it  into  figures,  it  becomes 
170 -|-  98  =  142  -j-  126.     It  now  becomes  possible  to  calculate 
how  much  sodium  sulphate  or  how  much  nitric  acid  can  be  pro- 
duced from  a  given  weight  of  sodium  nitrate,  or  how  much  sul- 
phuric acid  it  will  take  to  decompose  a  given  weight  of  sodium 
nitrate.    Thus,  170  :  126  : :  100  :  74.12  shows  that  100  parts  by 
weight  of  sodium  nitrate  will  yield  about  74.12  parts  by  weight 
of  nitric  acid.     It  is  equally  obvious  that  if  the  reaction  be  well 
understood  it  is  possible  for  the  experimenter  to  ascertain  by  cal- 
culation how  much  of  any  factor  is  needed  to  furnish  a  definite 
amount  of  a  product 
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CHAPTER    II. 
HYDROGEN. 

Symbol,  H,  Aloniic  UVighl,  \.  Valence,  I. 

History.  —  In  the  sixteenth  century,  Paracelsus  obseired 
hydrogen  while  experimenting  on  iron  with  acids.  Cavendish, 
in  1766,  first  investigated  it,  and  gave  it  the  name  "inflammable 
air."  Lavoisier,  sonie  years  later,  proposed  the  name  hydrogen, 
which  has  met  with  general  acceptance. 

Occurrence. — Hydrogen  occurs,  in  the  free  state,  in  certain 
volcanic  gases,  in  the  carnallite  of  the  Stassfurt  mines,  occluded 
in  meteoric  iron,  and  in  the  natural  gas  of  the 
Pennsylvania  oil  regions.  In  combination,  hy- 
drogen forms  one-ninth  of  the  water  of  the  globe, 
and  is  a  constituent  of  nearly  all  organic  matter. 
Preparation. — (ij  By  the  decomposition  of 
water  with  the  electric  current.  An  apparatus 
like  that  shown  in  Fig.  35  is  very  convenient. 
One  part  sulphuric  acid  to  one  hundred  parts  of 
water  assists  the  process  by  making  the  latter  a 
better  conductor  of  electricity.  The  products 
of  the  action  are  two  volumes  of  hydrogen  and 
one  volume  of  oxygen,  according  to  the  follow- 


Fig.  3S. 


mg: 


aH.O    =    jHj, 


i 


(2)  By  the  decomposition  of  water  with  sodium 

or  potassium.    When  a  small  piece  of  potassium 

is  thrown  on  water,  chemical  action  takes  place 

at  once,  the  metal  melts,  and  floats  around,  en- 

p.epafaiion  of  hy-  ygloped  in  a  flame  of  hydrogen,  which  ignites 

drcigcn    by  dccompo-  j  t>       '  r> 

aition  t.{  water.  spontaneously  from  the  heat  of  the  action.     The 

flame  is  of  a  violet  color,  imparted  by  the  vola- 
tilization of  some  of  the  metal. 

Sodium  does  not  react  so  strongly  with  the  water  as  to  cause 
ignition  of  the  escaping  hydrogen,  unless  it  be  held  in  one  spot 
by  placing  it  on  a  piece  of  filter  paper,  when  sufficient  heat  is 
developed  to  ignite  the  gas,  which,  in  this  case,  bums  with  a 


HYDROGEN.  12$ 

yellow  flame.  The  metal  rapidly  disappears  in  the  excess  of 
water,  forming  a  strongly  alkaline  solution  : 

Naa        -r        aHjO        =--        2NaOH        +        H^. 

Sodium.  Water.  Sodium  Hydrogen. 

Hydrate. 

The  gas  may  be  collected,  when  sodium  is  used,  by  enclosing  the 
metal  tightly  in  a  wire  cage,  and  thrusting  this  quickly  under  an 
inverted  cylinder  filled  with  water  as  shown  in  Fig.  36. 

Fig.  36. 


Decomposition  of  water  by  sodium. 

(3)  The  decomposition  of  water  by  certain  metals  at  a  red 
heat: 

4HaO        +        3Fe        =        Fe804        +        4Ha. 

Water.  Iron.  Ferroso-ferric  Hydrogen. 

Oxide. 

This  reaction  may  be  carried  out  by  passing  the  vapor  of  water 
trough  an  iron  tube  in  which  some  iron  wire  has  been  placed, 
*ncl  the  whole  heated  to  redness  ;  the  metal  combines  with  the 
oxygen  of  the  vapor,  forming  ferroso-ferric  oxide,  while  the  hy- 
^Irogen  passes  out,  and  may  be  collected  over  water. 

(4)  By  the  action  of  dilute  acids  on  certain  metals  we  obtain 
hydrogen,  as  follows : 

Zn        -f        HaS04        =        ZnS04        +        Hj. 

Zinc.  Sulphnric  Zinc  Hydrogen. 

Acid.  Sulphate. 

Iron  may  be  used  in  place  of  the  zinc,  or  sulphuric  acid  may 
be  substituted  by  hydrochloric  acid,  with  similar  results.  Iron, 
however,  does  not  yield  as  pure  a  gas  as  zinc,  on  account  of 
Wain  carbon  impurities  contained  in  it. 

The  above  reaction  progresses  satisfactorily  only  in  the  presence 
^  water,  which  dissolves  the  zinc  sulphate  formed,  and  prevents 
<s  collecting  on  the  metal  and  retarding  the  further  action  of  the 
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acid.  When  chemically  pure  zinc  is  used  the  action  at  first  is 
■very  slow,  but  by  the  addition  of  a  drop  or  two  of  platinic  chloride 
solution  a  galvanic  action  is  established,  which  causes  a  rapid 
evolution  of  the  gas.  This  is  the  method  usually  employed  for 
preparing  the  gas  for  experimental  purposes,  and  an  apparatus 
similar  to  that  represented  in  Fig.  37  will  be  found  convenienL 


Fir  37. 


The  mistake  is  often  made  by  beginners  of  attempting  to  ^ite 
the  gas  as  it  escapes  from  the  generator ;  this  should  never  be 
done  until  after  one  has  become  thoroughly  lamiliar  with  the 
properties  of  the  element.  Explosions  frequently  occur  by  neg- 
lecting this  precaution. 

{5)  When  strong  solutions  of  the  alkaline  Hydrates  are  brought 
in  contact  with  certain  metals,  hydrogen  is  evolved ;  in  some 
cases,  like  the  following,  it  is  necessary  to  apply  heat : 

Zn        +        2NaOH       =        Zn(ONa),       +        H,. 

Zinc.  Soillum  Sodium  Hrdroe*^ 

Hydrate  Zincale. 

With  magnesium  and  aluminum  the  action  takes  place  at  the 
ordinary  temperature. 

All  the  foregoing  processes  yield  a  gas  more  or  less  impure. 
In  order  to  obtain  perfectly  pure  hydrogen,  it  should  be  passed 
through  a  solution  of  load  acetate,  to  remove  hydrogen  sulphide  ; 
through  a  solution  of  silver  sulphate,  to  remove  hydrogen  phos- 
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phide  and  arsenide  ;  through  potassium  hydrate  solution,  to  re- 
mox'e  fre«  acid  :  and,  finally,  over  calcium  oxide  or  phosphoric 
oxide,  to  remove  moisture. 

Physical  Properties, — When  purified  as  above,  hydrogen 
is  without  color,  odor,  or  taste  :  it  is  the  lightest  known  substance  ; 
one  liter  weighs  0,089578  gramme  at  0°  and  under  760  milli- 
meters' pressure,  indicating  a  specific  gravity  of  .0693  when  air 
equals  i.ooo.  or  in  the  proportion  of  i  to  14.43.  '^  may,  there- 
fore, be  collected  by  "  upward  displacement,"  by  simply  holding 
a  receiver  over  a  tube  from  which  the  gas  is  escaping ;  this  method, 
however,  is  unnecessary,  as  the  gas  is  so  insoluble  in  water  that 
it  is  usually  collected  over  that  liquid. 

Between  the  temperatures  of  o"  and  20',  it  requires  50  vol- 
umes of  water  to  dissolve  one  volume  of  hydrogen.  Hydrogen 
may  be  inhaled  for  a  short 


Fig.  38. 


'        time  without  injurious  effects, 

but  it  causes  a  peculiar  change 

in  the  voice.     Sound  travels 

nearly  four  times  more  rapidly 

in  hydrogen  than  in  air.  and 

light  is  refracted  more  strongly 

by  it  than  by  any  other  gas. 
The  diffusibility  of  hydrogen 

is  one  of  its  most  prominent 

chancters.  This  property  may 

be  iUustiated  by  an  apparatus 

shown  in  Fig.  38,  in  which  a 

porous   battery    cell   securely 

&stened  by  a  rubber  cork  on 

the  end  of  a  glass  tube  forms 

the  diaphragm.      The  lower, 

open  end  of  the  tube  b  placed 

in  water  colored  with  aniline 

or  ind^o,  and  a  jar  full  of  the 

gas  lowered  around  the  cell 

when,  as  the  hydrogen  diffuses 

into  the  cell  fester  than  the  air 

comes  out.  the  latter  is  driven 

out  bejow,  and  is  seen  bubbling  tJ.Mu.im,  oc  hydr<>e.^n. 

Dp  through  the  water ;  as  soon 

as  this  action  ceases  the  jar  is  removed,  and  the  hydrogen 
^^^aidly  passes  out  through  the  cell,  causing  a  partial 
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Fig.  39. 


which  the  water  rises  to  fill.  Since  the  relative  diffusibihty  of 
two  gases  is  inversely  as  the  square  roots  of^  their  densities,  we 
have  (when  hydrogen  equals  i)  j/ 14.43  '.y^  t  or  ^.S  :  1;  that  is, 
hydrogen  will  difTuse  3.8  times  more  rapidly  than  air. 

Hydrogen  may  be  converted,  by  a  pressure  of  13.3  atmospheres 
and  a  temperature  of — 240°,  into  a  steel-blue  liquid,  and  on  sud- 
denly releasing  this  pressure,  the  vaporization  of  the  liquid  is  so 
rapid  that  the  intense  cold  thus  produced  converts  a  portion  of 
the  escaping  liquid  into  solid  particles,  which  almost  instantly 
disappear.  This  liquefaction  of  hydrogen,  which  broke  down 
the  old  distinction  of  permanent  gases,  was  accomplished  inde- 
pendently and  almost  at  the  same  time  by  two  physicists, — 
Cailletet,  of  Paris,  and  Pictet,  of  Geneva. 

The  apparatus  of  Cailletet  is  illustrated  in  Fig,  39.  The  pure 
dry  gas  is  collected  in  the  lube  t,  the  lower  end  of  which  is 
placed  in  a  strong  cylinder  containing  mercury,  while  the  upper 
and  smaller  end  is  surrounded  by  a  freezing  mixture.  Pressure 
is  applied  to  the  surface  of  the  mercury 
by  means  of  a  powerfiil  hydraulic  pump, 
through  the  tube  u,  until  200  atmos- 
pheres are  obtained ;  this  is  then  In- 
creased to  300  atmospheres  by  means  of 
a  wheel  with  a  steel  plunger.  At  this 
stage  the  pressure  is  suddenly  released, 
when  the  tube  containing  the  hydrogen 
becomes  filled  with  an  opaque  vapor. 
Pictet,  with  more  elaborate  cooling  ap- 
paratus, by  which  he  produced  a  tem- 
perature of  — 140°,  and  a  pressure  of 
650  atmospheres,  obtained  by  generating 
the  gas  in  a  very  strong  retort  by  heat- 
ing a  mixture  of  pure  potassium  hydrate 
and  formate,  succeeded  in  obtaining  the 
element  in  a  solid  state. 

Hydrogen  possesses  the  peculiar  prop- 
erty of  permeating  certain  metals,  like 
iron,  palladium,  and  platinum,  at  a  red 
heat.  This  fact  depends  on  the  property. 
named  by  Graham  occlusion,  which  some 
metals,  especially  palladium,  possess,  of 
For  instance,  platinum  at  100°  absorbs 
k  red  heat  3.8  volumes  of  the  gas  ;  while 
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absorbing  hydrogen. 
0.76  volume,  and  a 
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palladium  absorbs  376  volumes  at  ordinary  temperatures,  643 
volumes  at  90®,  and  526  volumes  at  245°.  The  amount  absorbed 
depends  somewhat  on  the  physical  condition  of  the  metal,  palla- 
dium deposited  by  electrolysis  absorbing  982  volumes  at  100°. 

Chemical  Properties. — Under  ordinary  conditions  hydrogen 
has  but  little  affinity  for  other  substances,  but  at  elevated  temper- 
atures or  in  the  nascent  state  its  behavior  is  quite  the  reverse, 
and  we  find  it  combines  readily  with  oxygen  ;  that  is,  burns  when 
ignited,  the  product  being  water.  The  glass  tube  from  a  hydro- 
gen generator  may  be  converted  into  a  jet  for  illustrating  this 
property,  by  fusing  into  the  end  of  it  a  small  roll  of  platinum 
made  from  a  piece  of  the  foil.  When  one  is  sure  that  all  the  air 
has  been  expelled  from  the  apparatus  this  jet  may  be  lighted,  and 
the  gas  will  burn  with  a  pale  blue  flame.  When  we  ignite  the 
gas  as  it  issues  directly  from  the  glass  tube,  without  using  the 
platinum  jet,  the  flame  takes  a  yellow  color  from  the  sodium  of 
the  glass. 

The  hydrogen  flame  is  intensely  hot ;  in  fact,  its  combustion 
incKcates  a  higher  temperature  than  an  equal  bulk  of  any  other 
known  substance.     The  great  affinity  of  hydrogen  for  oxygen 
may  be  further  illustrated  by  making  a  mixture  of  two  volumes 
of  the  former  to  one  volume  of  the  latter,  and  applying  flame, 
when  a  violent  explosion  will  occur.     The  same  takes  place  when 
air,  in  larger  proportion,  is  used  instead  of  oxygen  ;  hence  the 
importance  of  having  all  the  air  driven  out  of  a  generator  before 
attempting  to  ignite  the  gas.     Its  affinity  for  most 
other  substances  is  not  sufficient  to  support  their      ^^°-  ^^^ 
combustion  when  they  are  introduced  in  a  burning 
condition  into  the  gas.     This  may  be  illustrated  by 
the  following  experiment.  Fig.  40 :  If  a  cylinder  of 
the  gas  is  held  in  an  inverted  position,  and  a  lighted 
taper  or  candle  brought  to  the  mouth,  the  gas  will 
^e,  but  on  pushing  the  burning  candle  up  through  ^ 

the  flame  into  the  pure  gas.  the  combustion  of  the     Hydrogen  a 
taper  ceases,  on  account  of  the  lack  of  affinity  between  non-supporter 
^  constituents  and  the  hydrogen  surrounding  it.   ^^^^ 
With  chlorine  or  the  other  halogens  hydrogen  com- 
'^ines  even  more  readily  than  with  oxygen,  but  with  most  other 
non-metals  it  does  not  unite  directlv  unless  in  the  nascent  state. 

It  changes  the  composition  of  some  metallic  compounds  by 
'^owng  the  non-metals  with  which  the  metals  are  combined, 
leaving  the  latter  in  the  fi-ee  state ;  for  example,  when  we  pass 
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the  gus  over  metallic  chlorides,  sulphides,  or  oxides  at  a  red 
heat,  the  combinations  are  destroyed,  and  new  compounds  of 
hydrogen  with  chlorine,  sulphur,  or  oxygen  are  formed. 

Uses. — Hydrogen  has  compardtively  few  uses  in  the  free  state. 
At  one  time,  on  account  of  Us  lightness,  it  was  used  for  Filling 
balloons.  As  a  frequent  constituent  of  natural  gas  and  water- 
gas,  it  is  useful  on  account  of  its  great  heating  power.  In  the 
nascent  state  it  is  a  valuable  laboratory  agent  in  the  preparation 
of  many  chemical  compounds. 

PRACTICAL  EXERCISES. 

[i]  Make  hydrogen  from  zinc  and  sulphuric  acid,  using  apparatus  as 
arranged  in  Fig,  37,  p,  116. 

(i)  Note  its  levity  by  collecting  a  tube  (iill,  and,  holding  it  covered  in  a 
vertical  position,  bring  a  lighted  taper  a  short  dbtance  above  its  mouth 
and  remove  the  cover ;  the  gas  will  rise  to  the  Dame  and  ignite. 

(3)  Another  tube,  similarly  filled,  is  held  in  an  inverted  position  and 
the  cover  removed  ;  it  will  be  found,  even  after  the  lapse  of  some  time, 
that  the  hydrogen  at  the  mouth  of  the  tube  may  be  ignited,  thus  demon- 
strating that  the  gas  is  loo  light  to  come  down  and  out  of  the  mouth  of 
the  tube. 

(4)  The  two  preceding  experiments  have  demonstrated  the  combusti- 
bility of  the  gas,  which,  when  pure,  bums  quietly,  with  a  colorless  flame. 
If,  however,  it  be  mixed  with  air  and  flame  be  applied,  a  violent  explosion 
ensues.  Therefore  the  tube  from,  the  generator  should  never  be  broughi 
near  a  fiame  until  it  is  certain  that  all  Ike  air  has  been  expelled ;  this  b 
determined  by  trying  a  test-tube  full ;  if  it  bum  quietly,  the  jet  may  be 
lighted.     This  precaution  should  always  be  observed. 

(5)  On  bringingalightediaper  to  themouihof  the  inverted  tube  filled 
with  hydrogen,  the  gas  is  ignited,  but,  on  pushing  the  burning  taper  up 
into  the  gas,  its  flame  is  extinguished  ;  thus  showing  that,  while  hydr<^en 
is  combustible,  it  is  not  a  supporter  of  combustion. 

(6)  Continue  the  addition  of  acid  to  the  zinc  until  the  latter  is  nearly 
all  dissolved ;  disconnect  the  apparatus,  pour  the  liquid  on  a  filter,  collect 
the  filtrate  in  a  small  beaker  or  evaporating  dish,  concentrate  by  heat, 
and  set  aside  for  twenty-four  hours  to  crj'stallize.  The  crj-stals  obtained 
axe  sine  sulphate,  ZnSO,,  the  result  of  a  combinarion  of  the  sulphuric  acid 
and  the  zinc,  as  follows : 


Zo    +    H^O« 


ZnSO,    +    Hf 


CHAPTER  IIL 


Fig.  41. 


THE  HALOGENS. 

CHLORINE. 

Symbol^  a  Atomic  Weighty  35.37.  VaUncet  I. 

History. — Chlorine  was  first  prepared  by  Scheele,  in  1774, 
while  experimenting  with  **  black  magnesia'*  (an  ore  consisting 
largely  of  manganese  dioxide)  and  hydrochloric  add,  but  its 
elementary  character  was  first  established  by 
Davy,  in  1801,  who  gave  to  it  the  name  of 
chlorine  on  account  of  its  greenish-yellow 
color. 

Occurrence. — Chlorine  does  not  occur  in 
the  free  state  in  nature,  but  is  found  abundantly 
in  combination  with  sodium,  in  sea  water,  and 
in  the  salt- wells  of  the  United  States  ;  also  as 
rock-salt  in  the  mines  of  Austria,  Spain,  and 
Bax'aria,  all  of  which  have  been  worked  for 
centuries.     It  is  also  found  in  certain  **horn*' 
minerals,  combined  with  lead,  silver,  or  mer- 
cury. 

In  the  vegetable  kingdom  chlorine  is  not  very 
abundant,  but  in  the  animal  kingdom,  com- 
bined with  sodium,  it  is  found  more  abun- 
dantly, being  a  constituent  of  most  animal 
secretions. 

Preparation. — Chlorine  may  be  prepared 
by  a  number  of  different  processes,  as  follows  :      Decomposition  of 

(i)  By  the  electrolysb  of  hydrochloric  acid  eiectrob-sis. 
or  of  chlorides.      The  decomposition   of  the 
former  is  readily  carried  out  in  an  apparatus  shown  in  Fig.  41. 

(2)  By  the  decomposition  of  certain  chlorides  by  heat,  those 
o^gold,  palladium,  and  platinum  giving  up  the  gas  most  readily. 


Ptcu      = 

PtCla 

+ 

Cla. 

Platinic 

Platinous 

Chlorine. 

Chloride. 

Chloride. 

(3)  On  heating  a  mixture  of  manganese  dioxide  and  hydro- 
^ric  add,  chlorine  is  given  off  abundantly^  and 
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lected  over  warm  water,  or  by  "downward  displacement,"  as 
illustrated  in  Fig.  43.  The  reaction  which  takes  place  may  be 
expressed  as  follows : 


MnCla 


+      aHgO       +       CI,. 


This  is  the  method  of  the  U.  S.  Pharmacopoeia.  Care  should 
be  taken  to  mix  the  acid  thoroughly  with  the  powder,  to  prevent 
any  of  the  latter  from  remaining  unmoistened  on  the  bottom  and 


cauMng  fracture  of  the  flask  on  the  application  of  heat  The 
oxide  should  be  m  exceas  of  the  acid,  and  heat  should  not  be 
applied  for  some  minutes  after  they  are  mixed,  or  the  resulting 
gas  will  be  mixed  with  hydrochloric  acid.     As  an  additional  pre- 
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caution  it  has  been  recommended  to  use  the  oxide  in  lumps,  and 
have  them  above  the  surface  of  the  acid ;  even  then  the  gas 
should  be  passed  through  a  small  quantity  of  water,  to  remove 
the  last  traces  of  acid,  before  collecting  it  in  the  receiver. 

(4)  By  mixing  in  an  apparatus  similar  to  that  used  in  the 
preceding  process,  five  parts  of  manganese  dioxide,  four  parts 
of  sodium  chloride,  and  a  mixture  of  twelve  parts  of  sulphuric 
add  with  six  parts  of  water : 

MnOj  -f  aNaCl  +  2HaS04  =  MnS04  +  Na„S04  +  aHgO  +  Clg. 

Manganese     Sodium         Sulphuric       Manganous        Sodium         Water.    Chlorine. 
Dioxide.      Chloride.  Acid.  Sulphate.         Sulphate. 

This  process  has  been  recommended  on  the  score  of  economy ; 
but  in  these  days  of  cheap  hydrochloric  acid  this  cannot  be  urged 
as  a  perceptible  advantage  over  the  preceding. 

(5)  Most  peroxides  and  other  oxidizing  agents  cause  an  evolu- 
tion of  chlorine  when  heated  with  hydrochloric  acid,  provided  the 
corresponding  chloride  does  not  exist  or  is  unstable.  With  potas- 
sium dichromate  the  reaction  is  as  follows  : 


K,Crj07 

-f     14HCI     = 

Cr.Cle    4-    2KCI    +    yH.O    +    sClfl. 

Potassium 

Hydrochloric 

Chromic         Potassium          Water.          Chlorine. 

Dichromate. 

Acid. 

Chloride.          Chloride. 

(6)  As  a  rapid  method  in  the  laboratory,  hydrochloric  or  sul- 
phuric add  added  to  bleaching  powder  will  give  an  abundance 
of  the  gas : 

Ca(C10)^CaCla    +    4HCI    =    2CaCla    +    aHjO    -f    aClj,. 

Bleaching  Powder.        Hydrochloric       Calcium  Water.  Chlorine. 

Acid.  Chloride. 

This  process  fa  extensively  used  in  bleaching  and  dfainfecting 
operations. 

(7)  The  process  of  Deacon,  in  which  the  hydrochloric  acid 
from  the  Leblanc  soda  process  fa  passed,  with  air,  over  pieces  of 
hrick  saturated  with  cupric  and  sodium  sulphates,  and  heated  to 
ahout  500®  to  700**,  has  been  used  largely  in  England  for  the 
preparation  of  chlorine  to  be  used  in  the  manufacture  of  bleach- 
iDg  powder.  The  exact  chemical  action  of  the  salts  of  sodium 
^^  copper  fa  not  well  understood,  except  that  they  enable  the 
following  reaction  between  the  hydrochloric  acid  and  the  oxygen 
of  the  air  to  take  place  at  a  lower  temperature  than  would  the 
hrida  alone : 
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This  chlorine  is  mixed  with  some  undecomposed  hydrochloric 
acid  and  the  nitrogen  of  the  air,  but  is,  nevertheless,  adapted  to 
the  purposes  for  which  it  is  used.  Cuprous  chloride  has  been 
employed  in  the  place  of  cupric  sulphate  with  somewhat  better 
results  ;  in  fact,  it  has  been  shown  that  a  number  of  substances 
bring  about  the  action,  notably  magnesium  oxide.* 

(S)  The  method  of  Weldon  has  been  used  for  the  same  pur- 
pose. This,  however,  is  a  modification  of  the  decomposition  of 
hydrochloric  acid  by  manganese  dioxide,  adapted  to  an  industrial 
scale,  by  which  the  latter  compound  is  recovered  and  used  for 
decomposing  fresh  quantities  of  hydrochloric  acid  indefinitely. 
More  recently  the  Weldon-Pechiny  process  has  been  developed, 
and  put  in  practical  operation  at  Salindres,  France,  and  near  Bir- 
mingham, England. 

This  process  consists  in  decomposing  magnesium  oxychloride 
by  passing  air  over  it  at  a  temperature  of  1000°.  The  magnesium 
salt  is  converted  into  oxide,  while  the  chlorine,  mixed  with  nitro- 
gen and  small  quantities  of  hydrochloric  acid,  is  passed  through 
a  purifying  system,  and  then  over  lime,  which  it  converts  into 
bleaching  powder.  The  magnesium  oxychloride  is  prepared  by 
dissolving  magnesium  oxide  in  the  hydrochloric  acid  of  the  Le- 
blanc  process,  or  from  the  ammonium  chloride  of  the  ammonia- 
soda  process.  In  both  cases  it  utilizes  what  would  otherwise  be  a 
waste  product,  it  being  possible  to  use  the  same  magnesia  indefi- 
nitely. The  reaction  which  takes  place  may  be  considered  a 
decomposition  of  magnesium  chloride,  since  the  oxychloride  is 
made  by  mixing  the  oxide  with  the  chloride  : 


aMgCla 

+ 

0,     = 

2MgO 

+ 

2Cla. 

Magnesium 
Cnloride. 

Oxygen. 

Magnesium 
Oxide. 

Chlorine. 

It  is  claimed  for  the  Weldon-Pechiny  process  that  72  per 
cent,  of  the  hydrochloric  acid  can  be  recovered  as  chlorine, 
and  more  recently,  by  combination  of  this  with  the  potassium 
chlorate  process  of  Muspratt  and  Eschellmann,  it  is  possible  to 
recover  90  per  cent,  of  the  acid  employed.  As  an  objection 
to  this  and  the  preceding  process,  it  is  urged  that  the  chlorine  is 
diluted  with  nitrogen  and  air,  to  such  an  extent  that  it  cannot  be 
used  in  the  preparation  of  bleaching  powder.  This  is,  however, 
contrary  to  the  claims  of  the  inventors. 

(9)  A  more  recent  process  is  that  of  DeWilde  and  Reychler. 

•Journal  of  the  Society  of  Chemical  Industry,  1889,  p.  286. 
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This  consists  in  fusing  together  equivalent  weights  of  crystal- 
line magnesium  sulphate  (MgS04.7H,0),  magnesium  chloride 
(MgCly6H,0),  and  manganous  chloride  (MnCla.4HjO).  They 
first  liquefy  in  their  water  of  crystallization,  and  then  give  off 
hydrochloric  acid  gas,  leaving  a  pink,  hygroscopic  mass,  consist- 
ing of  magnesium  sulphate,  manganous  chloride,  and  magnesium 
oxychloride.  The  anhydrous  mixture  is  then  heated  to  dull  red- 
ness, when  it  evolves  a  further  quantity  of  hydrochloric  acid  and 
some  chlorine,  and  leaves  a  black,  porous  residue  containing 
magnesium  sulphate,  and  a  substance  called  magnesium  manga- 
nite,  having  the  composition  MgsMngOg.  The  porous  lumps 
formed  in  this  way  are  placed  in  an  earthenware  tube,  surrounded 
by  sheet  iron,  and  the  whole  heated  to  about  450°.  This  tube  is 
connected  with  two  iron  tubes,  through  one  of  which  hydrochloric 
acid  passes,  and  through  the  other  a  current  of  air.  The  farther 
end  of  the  cylinder  has  a  tube  attached,  which  carries  off  the 
chlorine  produced  in  the  cylinder  by  the  joint  action  of  the  hydro- 
chloric acid  and  the  air  passing  over  the  heated  magnesium  man- 
ganite.     The  following  reactions  are  involved  in  the  process  : 

(i)        MgaMngOg  +  i6Ha   =   aMnCla  -f  3MgCla  -f  2Cla  -f  8HjO. 

Mapiesium      Hydrochloric     Maneanous     Magnesium     Chlorine.      Water. 
Manganite.  Acid.  Chloride.         Chloride. 


(a)        3MnCla     +     3MgCla     +     40,     =     MgsMngOe      j-    6Cla. 

Mancanoas  Maenesium  Oxygen.  Magnesium  Chlorin 

Chloride.  Chloride.  Manganite. 


The  part  played  in  the  reaction  by  the  magnesium  sulphate 
appears  to  be  that  of  preventing  the  fusion  of  the  mass,  and  thus 
maintaining  its  porous  nature.  It  is  said  that  over  80  per  cent. 
of  the  hydrochloric  acid  employed  is  converted  into  chlorine,  and 
that  four-fifths  of  the  remainder  are  recovered. 

For  a  number  of  years  the  decomposition  of  sodium  chloride 
by  electrolysis  with  production  of  chlorine  and  sodium  hydrate 
has  claimed  the  attention  of  chemists,  since  if  this  can  be  accom- 
plished economically,  two  useful  substances  are  obtained,  with- 
out by-products.  Although  there  have  been  many  attempts  and 
fiulures  to  work  this  process  economically,  there  is  now  a  possi- 
bility of  it  being  perfected  so  as  to  make  it  the  cheapest  of  all  the 
methods  hitherto  proposed. 

The  industrial  processes  here  given  will  be  more  fully  explained 
under  sodium  carbonate  ;  but  it  may  be  remarked  that  as  hydro- 
ddoric  acid  is  a  by-product  in  one  of  the  world's  greatest  chemi- 
cal industries,  and  magnesium  chloride  iitAt  present  allowed  to 
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run  to  "B-aste:,  At  proceas  mttdi  maEBcs  Aean  wffl  be  gnren  Ae 
prefereDDe.  aad  ire  rfl  tfara  find  liut  ir  sonDer  operatxons 
hV-ar^-^g  xovdsa-  is  oor  Aapea  aooroe  of  c^uorine. 

Phjrsicil  Propcrbc*- — Ouaffiiit »  a  ycfiorali-grccii  gas,  of 
a  siichncirm^  ctdic  aad  aa  ascringem  taste.  Ai  200^  it  is  X45 
limes  beavita-  ^'^^s**^  iijr,  miidi  »  rrarrV  in  aerccdance  with  the 
cajciiliticc:  based  an  irs  atcimir  wagisL,  bm  al  an£zarv  tempenb- 
turef  ii  is  izfznd  zi'  bt  ^47-  Under  a  preasnne  of  sx  atmospheres 
al  o* .  ur  m  — AZ^  binder  cnfinaiy  pressnrc,  i  »  conrerted  into  a 
velic'-B:  Lr^^i  -w-hJii  has  a  syrifir  rTarirr  of  1.55c  boils  at — ^35-5^» 
and  •.c»1j±5^  ci  — :o2'-  Water  at  10*  »  tbe  best  Sac  dxssolving 
dij'.iriD*  as  hZ  r'*"-^*  tisrc^eramre  coe  vctiumc  takes  10  2.53  vohnncs 
of  tbt  rzis  :  btJiTT  T>i=^T  teraperamre  a  aysttaSse  compomKi, 
CL.3C'HcO  r'ci.n;eD?es  to  seD&ratt  ant.  Tbese  crrstils  maT  be 
drif  c  i»er»  t^jn  fjttr  'z^sszfS.  and  preferred  in  a  seakd  tube,  where 
"ditn*  0:   ij'.c  'ft^rrjcryx^  rrrsr^  a  TriiiimJtnre  of  5.?^  as  reached. 

«  «  ^ 

K  h'jvtntr    ibtT  bt  txDOsed  to  tie  sar^  ^kccaapoBXXXL  sooo 

Cbcmical  Properties,— Cblome  omnbiiDes  lesKfihr  with  hy- 

drog^t:::  :>:.  ibt  Lcc»bz2ric*n  of  niODe,  or  when  frpewed  10  the  direct 
Tdyb  'X  iijt  fur.  y.czLlng  bydrocilciric  acid      For  oxrgcn  it  has 
ven-  bliirb:  cft^nrj.  ^s  r  wil  ncc  bnrs  12  air,  or  saapport  ocdinary 
ccim'nusti'ji-    uijtjss  h  bt  thii  of  a  snbsaance  ndi  ia  hydrogeii, 
like  tht  vcJL  '.IT  pgrjrr  c»f  i  taper.     This  afejinr  ice  hydrogen  is 
iflustTditrc  :r.  hs  beiii-n-ur  tcorard  a  nirmbcr  of  oooapoandsi.     If  a 
pif  ct  cif  nitts"  pa:>er  bt  mciisrened  '•"iib  warm  txzrpeotxiie  <3il  and 
pluiij^'t<2  :::ti'  £  jar  of  ciirirint..  tbt  ciH  bunas  into  fiame*  at  the 
same  nnie  thtre  is  l  coziii'us  e\'c»h3ticc:  of  black  smoke  ttom  the 
Hberdat-d  c:<irt»:ir..     MrtTsh  ptf^.  CH^,  or  cilefiani  gKL,  C,H^.  mixed 
with  chj'.»r:nt:.  vil  burn  on  the  application  of  fiMsat^  with  abon- 
dam  depi:>sitJoi:  cif  2ar:»:«n.     Pbos^ibomsi,  as&maznr,  copper^  and 
a  ifw  Cither  nit-Tals  innoTDt  when  £ne}r  divided  and  poured  into 
a  jar  cfl  chlcirine.     On  accoTint  of  its  afenity  for  hy^iragen,  chlo- 
rine is  h  ]:K'werfd  oxidizta-,  ZLnd  ictr  this  reason  is  lai]gnehr  used  as 
a  bleachine  and  disirjerdni:  accent.     The  readxvn  whscii  takes 
j»lace  vher.  chj'urine  tueaches  orearic  matrer  in  die  pj^eaence  of 
mc»i^urr.  is  first  its  r-nn-bmaiico-  with  bydra^rm.  which  liberates 
txyir^r..  and  sec:»nd  the  c:»:nbinarior.  nf  this  oxyiren,  in  the 
state,  with  the  eJeinents  c»:  the  coj:«r:ni:  matter,  formii^ 
cc»mr»-'iunds.     W^hen  n>t^  rr-r  dis-lrjectinc.  the 
as  h'f3rh:r,g    f*rLdrr  ^.r  ch7r^Ti2:{d  liwr  is 
either  LJone  or  mixc-i  "wiih  ci'-Jie^i  hvcircchloric 
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Moisture  is  necessary  in  order  to  obtain  good  results  in  either 
bleaching  or  disinfecting,  since  perfectly  dry  chlorine  does  not 
bleach.  It  is  also  well  to  remember  that  only  the  organic  colors 
are  affected  by  chlorine ;  for  this  reason  printing  ink  is  not  de- 
stroyed, on  account  of  its  containing  lamp-black  or  carbon,  while 
written  characters  are  at  once  decolorized.  Under  the  name  of 
aqua  chlori,  U.S. P.,  the  solution  of  the  gas  is  official.  The  U.S. 
Pharmacopoeia  requires  that  the  solution  contain  '*at  least  0.4 
per  cent,  of  the  gas."  Chlorine  water  is  a  transparent  greenish- 
yellow  liquid,  with  a  specific  gravity  of  1.003.  ^^  should  be  pre- 
served in  well-stoppered  bottles,  protected  from  the  light,  as  it 
decomposes  into  hydrochloric  acid  and  oxygen  according  to  the 
following  reaction : 

2Cla    -i-    2HaO    =    4HCI    -f    O,. 

In  addition  to  its  use  in  medicine  as  a  stimulant  and  antiseptic, 
dilorine  water  is  a  valuable  laboratory  reagent,  being  especially 
employed  for  liberating  iodine  and  bromine  from  combination, 
and  for  oxidizing  many  metallic  compounds. 

PRACTICAL  EXERCISES. 

(i)  Make  chlorine  from  manganese  dioxide  and  hydrochloric  acid,  as 
shown  in  Fig.  42,  p.  132. 

(2)  Pass  the  gas  into  water ;  it  is  absorbed ;  if  this  be  continued  until 
tiie  water  is  saturated,  it  will  be  found  to  have  absorbed  about  twice  its 
volume  of  the  gas ;  the  chlorine  water,  aqua  chlori,  of  the  Pharmacopoeia 
is  the  resulting  product 

(3)  A  tube  full  of  the  gas,  held  with  mouth  upward  and  a  lighted  taper  ap- 
phed,  £adls  to  ignite,  indicating  that  the  gas  is  not  combustible.  Push  the 
lighted  taper  into  the  gas ;  it  is  extinguished,  or  only  burns  with  a  small, 
^cnse,  smoky  flame,  the  result  of  a  combination  of  the  chlorine  with  the 
hydrogen  of  the  material  composing  the  taper,  whereby  carbon  is  liberated. 

{4)  Into  a  tube  full  of  the  gas  put  a  piece  of  brightly  dyed  calico  or 
l>hK  litmus  paper,  previously  moistened ;  it  is  rapidly  bleached.  Written 
dtaracters  on  paper  are  similarly  decolorized,  but  printed  characters  are 
^  afiected,  as  the  latter  contain  carbon,  in  the  form  of  lamp-black,  which 
is  not  acted  on  by  the  gas. 

HYDROGEN  AND  CHLORINE. 

HYDROCHLORIC  ACID. 

Farmmla,  HCl.  Molecular  Weight,  36.37. 

History. — Hydrochloric  acid  in  solution  was  known  to  the 
•waents,  the  alchemists  being  familiar  with  aqua  regia,  obtained 
by  distiffing  nitre,  sal  ammoniac,  and  vitriol  together.     Glauber, 
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about  the  year  164S,  first  prepared  the  aqueous  acid,  and  gave  it 
the  name  of  spirilus  salis,  which  as  ' '  spirits  of  salt' '  It  ret^ns  to 
the  present  day.  Priestley  first  collected  the  gaa  by  the  use  of 
a  pneumatic  trough  containing  mercury.  Davy,  in  1810.  dis- 
proved its  supposed  elementary  character,  and  demonstrated  it 
to  be  a  compound  of  chlorine  and  hydrogen. 

Occurrence. — Hydrochloric  acid  occurs  uncombined  in  the 
gases  from  certain  volcanoes,  and  in  the  rivers  of  South  Americi 
which  originate  in  the  volcanic  regions  of  the  Andes. 

Preparation. — When  equal  volumes  of  chlorine  and  hydro- 
gen are  mixed  and   exposed  to  difTused  daylight,  they  slowly 
combine,  forming  hydrochloric  acid,  which  may  easily  be  shown 
to  possess  properties  entirely  different  fi-om  either  of  its  con- 
stituents.    This  combination  may  be  effected  at  once  and  with 
explosion  by  exposing  the  mixture  to  the  direct  rays  of  the  sun, 
to  the  light  of  the  electric  arc,  to  burning  magnesium,  or  by  the 
application  of  flame.     For  laboratory  purposes  the  gas  may  be 
prepared  in  a  flask  with  suitable  attachments  for  washing  and  J 
purifying,  as  in  Fig.  43,  by  adding  to  sodium  chloride  one  and  a  I 
half  times  its  weight  of  sulphuric  acid,  previously  diluted  with  * 
half  its  weight  of  water,  and  applying  heat.     A  small  quantity 
of  sulphuric  acid  is  put  in  the  wash  bottle  to  remove  moisture^ 
and  the  gas  is  then  collected  over  mercury.     When  two  mole — 
cules  of  sodium  chloride  (116.74  parts)  and  one  molecule  of  th^s 
acid  (97.82  parts)  are  taken  the  following  reaction  occurs ; 


sNaCI 

Sodium 
Chloride. 


=      NajSO, 


aHCl. 


In  working  on  a  small  scale,  however,  it  is  better  to  use  tha 
proportion  of  one  molecule  of  each,  when  a  more  soluble  acS 
sodium  sulphate  remains  in  the  flask  : 

NaCI      +      HjSO,      =      NaHSO,      -{-      HCl. 


This  reaction  occurs  with  the  aid  of  less  heat  than  is  requir^^ 
in  the  first,  and  is  in  other  ways  more  satisfactory. 

Properties. — Hydrochloric  acid  is  a  colorless  gas,  of  a  shai-^^ 
suffocating  odor  and  an  acid  taste.     It  has  a  specific  gravit^:^ 
compared  with  air,  of  1.278,  and  may  therefore  be  collected  li"** 
chlorine  by  downward  displacement.     It  has  been  liquefied  by^ 
pressure  of  forty  atmospheres  and  a  temperature  of  10",  or     * 
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two  atmospheres  at — 70°.  In  the  liquid  state  it  has  a  specific 
gravity  of  0.90S  at  0°,  and  boils  at  — 35°.  As  a  liquid  it  has  but 
feeble  solvent  action  on  most  substances,  aluminum  alone,  among 
the  metals,  being  attacked  by  it.  The  gas  is  very  soluble  in 
vater ;  at  0°  one  volume  of  water  will  absori)  about  503  volumes 
of  the  gas.  It  is  neither  combustible  nor  a  supporter  of  com- 
bnstkn  unlessitbeof  metallic  sodium,  potassium,  or  magnesium, 

Fic.  43- 


PrepuMlon  of  bydrodilork  *cld. 

"■itidi  case  hydrogen  is  evolved  and  a  chloride  of  the  metal 
fctned  Certain  oxides  may  be  decomposed  by  the  gas,  with 
ftefi)rniation  of  water  and  a  chloride. 

Aadum  Hydrochloricum,  U.S. P. — This  and  the  muriatic 
w  hydrochloric  acid  of  commerce  are  aqueous  solutions  of  the 
pt  in  water.  The  official  acid  has  a  specific  gravity  of  1.163, 
ud  contuns  31.9  per  cent  of  the  gas.    TTie  commercialj 
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a  by-product  in  the  Leblanc  soda  process,  in  which  the  gas  b  pro- 
duced from  salt  and  sulphuric  acid,  according  to  the  reactioM 
above  given,  but  the  method  of  dissolving  the  gas  is  dtfferenL 

The  decomposition  of  the  salt  is  carried  out  in  what  is  knowo 
as  a  salt-cake  furnace,  as  shown  in  Fig.  44.  It  consists  of  two 
important  parts,— namely,  the  pan,  E,  in  which  the  sulphuric  add 
and  salt  are  mixed  and  heated,  and  the  muffle.  B.  in  which  the 
mixture  is  further  heated  at  a  higher  temperature  in  order  to 
complete  the  decomposition  and  drive  off  the  remainder  of  the 
hydrochloric  acid  gas. 

This  gas  is  then  forced  through  the  pipe,  g  g,  into  the  stone- 
ware vessels,  h'  k',  or  else  through  a  system  of  tall  towers  in  which 
are  coke  or  bricks,  and  over  these  a  constant  stream  of  water 


prepkrallon  of  bydrochlork 


trickles,  carrying  down  with  it  the  absorbed  gas,  until,  when  the 
bottom  is  reached,  a  strong,  nearly  saturated  solution  is  the 
result. 

This  solution  is  then  run  off  into  suitable  receivers.  Such  a 
tower  is  shown  in  Fig.  45.  There  are  rarely  less  than  two  of 
them  associated  with  each  salt-cake  furnace,  and  the  gas  which 
escapes  condensation  in  the  first  one  is  conveyed  to  the  bottom 
of  the  second  and  forced  up  through  it. 

The  acid  thus  prepared  is  of  a  pale-yellow  color,  due  to  small 
quantities  of  ferric  chloride,  organic  matter,  and  other  impurities 
difficult  to  remove.  When  the  pure  add  is  desired  it  is  neces- 
sary to  make  it  in  glass  vessels  from  pure  materials.  The  pure 
acid  is  colorless,  of  a  jjungent  odor,  and  a  very  sour  taste.  It 
fumes  strongly  when  exposed  to  the  air.  and  gives  off  hydro- 
chloric acid  gas  when  heated,  until  the  solution  is  reduced  to  a 
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atrcngth,  under  ordinary 
[Mvssure,  of  30.24  P^ 
cent.,  when  it  distils  un- 
changed at  110°.  When 
a  weak  acid  is  heated, 
water  distils  over  until 
the  solution  reaches  the 
Strength  of  20.24  P«" 
cent.,  when  it  distils  un- 
dianged. 

Hydrochloric  acid  pos- 
sesses the  chemical  prop- 
erties of  an  energetic  acid. 
It  decomposes  carbon- 
ates, phosphates,  and 
most  other  salts,  and  dis- 
aohres  nearly  all  the 
■etals.  Its  action  b  with- 
Ott  the  oxidizing  effect 
lUdi  usually  accom- 
pHies  nitric  add. 

Impuritiea. —  Hydro- 
Aknc  add  is  not  often 
lUterated,  but  may  con- 
lun  impurities  acquired 
in  its  manufacture  or  from 
carelessness  in  handling. 
It  should  leave  no  residue 
M  evaporation  to  dry- 
ness, showing  the  absence 
^  saline  impurities  and 
orpnic  matter.  On  di- 
lutiDg  with  four  volumes 
o^irater.  and  saturating 
*ith  hydrogen  sulphide, 
»  predpitate  or  coloring 
■Wd  occur,  indicating 
ittdom  from  lead,  ar- 
Knic,  tin,  thallium,  and 
Upper ;  nor  should  it  ac- 
lin  a  blue  color  with 
s(cop- 
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that  _ 
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I,  orT 


per).  Potassium  sulphocyanate  should  not  cause  a  red  color 
(iron).  A  cold,  dilute  solution  of  starch  and  potassium  iodide 
should  not  give  a  blue  color  (chlorine).  When  the  add  is  diluted 
with  two  volumes  of  water  and  placed  in  a  test-tube  with  a  small 
piece  of  zinc,  no  color  should  be  imparted  to  a  loose  plug  of  cotton 
moistened  with  lead  acetate  solution  and  placed  in  the  upper  pan 
of  the  tube  (sulphurous  acid)  ;  nor  to  a  piece  of  filler  paper 
moistened  with  one  drop  of  silver  nitrate  solution  and  placed 
above  the  cotton  (arsenic).  When  diluted  with  ten  volumes  of 
water,  no  precipitate  should  occur  on  the  addition  of  a  few  drops 
of  barium  chloride  solution  (sulphates).  Ten  volumes  of  the 
acid  mixed  with  twenty  volumes  of  water  and  agitated  with  one 
volume  of  chloroform  should  impart  to  the  latter  no  color  (iodine 
and  bromine).  The  presence  of  free  chlorine  may  indicate  that 
nitric  or  nitrous  acid  is  present.  This  may  be  definitely  deter* 
mined  by  adding  a  piece  of  gold  leaf,  warming  for  some  minul 
and  then  testing  the  solution  with  stannous  chloride  for  gold, 
by  adding  sodium  hydrate  to  the  original  acid  until  strongly 
alkaline,  and  heating  with  pure  zinc,  when,  if  nitric  or  nitrous 
acid  be  present,  ammonia  will  be  evolved,  and  may  be  detected 
by  holding  a  piece  of  moistened  red  litmus  paper  in  the  mouth 
of  the  tube. 

Chlorides. — The  compounds  of  hydrochloric  acid  are  known 
as  chlorides,  and  they  are  usually  formed  by  dissolving  the  metal, 
a  hydrate,  or  carbonate  in  the  acid.  A  few  are  made  by  the 
direct  action  of  chlorine  on  the  metal.  Nearly  all  metallic  chlo- 
rides are  soluble  in  water,  the  exceptions  being  the  chlorides  of 
silver,  mercury  (ous),  and  lead,  the  last  of  which  is  soluble  in  hot 
water. 

Tests. — Hydrochloric  acid  and  chlorides  are  detected  by 
the  insoluble  white  precipitates  formed  with  silver,  mercurous. 
or  lead  nitrates.  The  first  forms  silver  chloride.  AgCI.  soluble 
in  ammonium  hydrate,  the  secoud  mercurous  chloride,  Hg,Clj 
(calomel),  which  blackens  on  the  addition  of  ammonium  hy- 
drate, and  the  third  lead  chloride,  PbCl,,  which  is  soluble  in  hot 
water. 

Uses. — Both  hydrochloric  acid  and  the  chlorides  are  ext< 
sively  used  in  medicine  and  the  arts.  There  is  scarcely  an  indi 
try  in  which  hydrochloric  acid  is  not  largely  consumed.  TTie 
greatest  production  of  it  is  as  a  by-product  in  the  soda  industry, 
from  which  it  goes  to  be  converted  into  chlorine  to  furhish  bleach- 
ing powder. 
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PRACTICAL   EXERCISES. 

(i)  Make  hydrochloric  acid  by  taking  one  test-tube  full  of  hydrogen 
and  another  of  chlorine,  bring  their  mouths  together  (the  hydrogen  tube 
above  with  mouth  down,  as  it  is  lighter),  turn  over  once  or  twice,  so  as 
to  thoroughly  mix,  and  open  their  mouths  to  a  flame ;  a  sharp  report  will 
occur,  with  the  development  of  strongly  acid  fumes,  which  may  be  recog- 
nized by  silver  nitrate  as  hydrochloric  acid, 

(2)  Prepare  a  quantity  of  hydrochloric  acid  gas,  using  the  same  or 
similar  apparatus  to  that  employed  in  the  preparation  of  chlorine.  Place 
some  sodium  chloride  (common  salt)  in  the  flask  and  slowly  add  sul- 
phuric acid  ;  when  the  evolution  of  gas  ceases,  apply  a  gentle  heat.  The 
gas,  being  heavier  than  air,  may  be  collected  by  placing  the  delivery-tube 
in  ajar  or  test-tube.  When  it  is  desired  to  have  the  gas  pure,  it  should  be 
dried  by  passing  through  sulphuric  acid,  and  then  collecting  over  mercury. 

(3)  Fill  a  dry  test-tube,  or  jar,  with  the  gas,  cover,  and,  having  inverted 
the  vessel  and  brought  its  mouth  under  water,  remove  the  cover ;  the  water 
so  readily  absorbs  the  gas  that  it  rises  and  nearly  fills  the  vessel.  More 
of  the  solution  may  be  made  by  passing  the  gas  into  water.  The  resulting 
solution,  when  of  proper  strength,  is  the  acidum  hydrochloricum  of  the 
Pharmacopoeia. 

(4)  A  piece  of  moistened  blue  litmus  paper  is  instantly  reddened  when 
held  in  a  tube  of  the  gas,  indicating  its  acid  nature. 

(5)  A  lighted  taper  applied  to  the  gas  fails  to  ignite  it,  and  is  ex- 
ting;uished  if  lowered  into  it,  thus  showing  that  the  gas  is  neither  com- 
bustible nor  a  supporter  of  combustion. 

(6)  Bring  a  rod  moistened  with  ammonia  water  over  the  mouth  of  a 
tube  full  of  the  gas ;  dense  white  fumes  of  ammonium  chloride  are  formed. 

(7)  Dissolve  the  mixture  remaining  in  the  flask,  after  the  hydrochloric 
add  gas  has  been  prepared,  in  warm  water,  add  sodium  carbonate  so  long 
as  active  effervescence  ensues,  whereby  the  excess  of  sulphuric  acid  is 
neutralized.  The  solution,  when  Altered,  concentrated,  and  set  aside, 
yields  crystals  of  sodium  sulphate  (Glauber  salt). 

BROMINE. 

Syw^olt  Br,  Atomic  Weight,  79.76.  Valence,  I. 

History. — ^This  element  was  discovered  in  1826  by  Balard,  of 
Montpellier,  France,  in  the  bittern  from  the  manufacture  of  salt 
on  the  Mediterranean. 

Occurrence. — Bromine  occurs  chiefly  as  magnesium  bromide 
in  sea  water,  and  as  the  magnesium,  calcium,  or  sodium  salt  in 
njany  rock-salt  deposits  and  salt-wells.  Large  quantities  of  bro- 
nune  are  produced  at  Stassfurt,  a  considerable  quantity  is  manu- 
fetured  from  the  residues  after  the  preparation  of  iodine  from 
kelp,  but  the  greatest  portion  of  the  world's  supply  comes  from 
4c  salt-wells  of  the  United  States. 
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The  first  production  of  bromine  in  this  country  was  at  Free- 
port,  in  Pennsylvania,  in  1846  ;  but  it  was  not  until  1866,  when 
bromides  came  into  use  in  medicine,  that  the  industry  assumed 
significant  proportions.  In  1871  shipments  commenced  to  Eu- 
rope, and  in  1891  the  production  amounted  to  415,000  pounds, 
divided  as  follows :  Pennsylvania,  140,000  pounds ;  West  Vir- 
ginia, 120,000  pounds;  Ohio,  110,000  pounds;  and  Michigan, 
45,000  pounds.  The  production  for  1892  and  1893  was  379,480 
pounds  and  348,399  pounds  respectively. 

Bromine  has  also  been  found  in  certain  cruciferous  plants,  and 
in  many  marine  plants  and  animals,  but  it  does  not  naturally 
occur  anywhere  in  the  free  state. 

Preparation. — ^The  bittern,  which  is  the  mother  liquor  from 
the  crystallization  of  salt,  is  concentrated  to  about  45°  B. ,  which 
causes  the  separation  of  the  more  insoluble  sulphates  and  chlorides, 
and  then  manganese  dioxide  and  sulphuric  acid  are  added,  which 
liberate  the  bromine,  according  to  the  following  reaction  : 

MgBfa  -f  MnOa  +  2HaS04  =  Mg:S04  -f  MnS04  +  aHgO  -f  Br^ 

Magnesium  Manganese     Sulphuric       Magnesium     Manganous       Water.         Bro- 
Bromide.      Dioxide.  Acid.  Sulphate.  Sulphate.  mine. 

The  application  of  heat  completes  the  reaction.  The  vapors 
are  conducted  through  a  condensing  apparatus  into  well-cooled 
receivers.  The  bromine  is  afterward  purified  from  water  by  dis- 
tillation over  calcium  chloride,  and  from  chlorine  by  distilling  with 
a  bromide,  which  liberates  bromine  and  forms  a  chloride : 


2KBr 

+        Cla       = 

=         2KCI 

+ 

Bfj. 

Potassium 

Chlorine. 

Potassium 

Bromine, 

Bromide. 

Chloride. 

Another  method,  used  on  a  large  scale  at  Stassfurt,  is  the  con- 
tinuous process  of  decomposing  the  bromides  by  a  current  of 
chlorine  and  steam.  The  liquor  flows  into  the  top  vessel  of  a 
series,  arranged  in  a  terrace,  while  the  chlorine  passes  into  the 
lowest  vessel,  meeting  the  nearly-exhausted  bromide  liquor.  The 
bromine  passes  out  of  the  highest  vessel  and  is  condensed  by 
suitable  means. 

Properties. — Bromine  is  a  dark,  reddish-brown,  volatile  liquid, 
ol  a  suffocating  odor  and  a  caustic  taste.  When  exposed  to 
the  air  orange-red  vapors  are  constantly  evolved,  which  strongly 
attack  the  eyes.  The  name,  from  pptofioq^  stench,  was  given  it 
on  account  of  its  disagreeable  odor.  Its  specific  gravity  at 
15°  is  2.99.    Pure  bromine  boils  at  58.7°,  and  when  cooled  solidi- 
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fies  to  brown-gray,  crystalline  scales,  like  iodine,  which  melt  at 

—JOS'". 

Bromine  is  soluble  in  thirty  parts  of  water  at  15®,  and  readily 

soluble  in  alcohol,  ether,  chloroform,  and  carbon  disulphide,  the 
last  three  being  capable  of  extracting  it  from  its  aqueous  solution 
on  agitation.  It  is  also  soluble  in  solution  of  potassium  or  sodium 
bromide  and  in  hydrobromic  acid.  The  saturated  solution  in 
water  is  of  a  reddish-brown  color,  and  contains  at  15°  one  part 
bromine  in  twenty-nine  parts  of  water.  At  — 2°  a  crystalline 
hydrate,  Br,.ioH,0,  separates,  which  decomposes  at  6.2°. 

In  chemical  properties  bromine  closely  resembles  chlorine, 
although  it  usually  acts  with  less  energy.     It  is  not  combustible, 
nor  will  it  support  ordinary  combustion,  unless  it  be  that  of  a  jet 
of  burning  hydrogen  lowered  into  its  vapor.     With  many  metals 
it  combines  directly,  forming  bromides,  a  notable  example  being 
potassium,  with  which  it  combines  with  explosive  violence  ;  but 
with  sodium  the  union  is  extremely  slow,  it  being  possible  to 
boil  the  two  together  without  causing  perceptible  action.     Bro- 
mine possesses  the  property  of  bleaching  organic  compounds, 
but  in  a  less  degree  than  chlorine.     It  bleaches  litmus  and  indigo 
soludons  and  colors  solution  of  starch  yellow. 

Impurities  and  Tests. — Bromine  should  vaporize  completely 
without  residue.  If  three  grammes  of  bromine  be  mixed  with 
30  cc  of  water,  and  enough  ammonia  water  added  to  render  the 
solution  colorless,  the  liquid  then  digested  with  barium  carbonate, 
filtered,  evaporated  to  dryness,  and  the  residue  gently  ignited, 
the  latter  should  be  soluble  in  absolute  alcohol  without  leaving 
more  than  o.  26  gramme  of  residue,  indicating  the  absence  of  more 
than  3  per  cent,  of  chlorine.  This  test  is  founded  on  the  fact 
that  barium  bromide  is  soluble  and  barium  chloride  insoluble  in 
^lute  alcohol. 

If  an  aqueous  solution  of  bromine  be  poured  upon  reduced 
iron,  and  shaken  with  the  latter  until  nearly  colorless,  then  filtered, 
mixed  with  gelatinized  starch,  and  a  few  drops  of  bromine  water 
be  carefully  poured  on  top,  not  more  than  a  very  &int  blue  zone 
should  appear  at  the  line  of  contact  of  the  two  liquids  ;  such  a 
Uue  zone  would  indicate  iodine. 

Uses. — In  the  free  state  bromine  is  used  in  the  manufacture 
^  bromides  and  of  many  bromine  derivatives  of  the  coal-tar 
^^pounds.  It  has  also  been  used  in  medicine,  internally,  when 
l^y  diluted,  as  an  alterative,  like  iodine,  and  externally  as  a 

^^Bnsdc  and  for  disserving  gangrene.     It  is  also  extensively  used 

10 
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as  a  disinfectant.     At  Johnstown,    Pennsylvania,  in   1889,  over 
six  thousand  pounds  were  used  for  disinfecting  purposes. 

PRACTICAL.   EXERCISES. 

(i)  Pass  chlorine  into  a  dilute  (about  1  per  cent.)  solution  of  potas- 
sium bromide ;  the  liquid  will  become  reddish-brown  in  color,  owing  10 
separation  of  bromine,  which  remains  dissolved  in  the  water. 

(i)  To  a  portion  of  the  liquid  resulting  from  the  above  experimett 
add  a  solution  of  starch  ;  a  yellow  color  will  be  developed,  due  to  the 
formation  of  a  compound  of  starch  with  bromine, 

<  J )  To  the  remainder  of  the  solution  in  a  test-tube  add  a  few  drops  of 
chloroform  and  agitate ;  the  chloroform  will  remove  the  bromine  from 
the  water,  and  will  settle  to  the  bottom  of  the  tube  as  a  deep,  reddish- 
brown  liquid,  while  the  water  above  will  become  nearly  colorless. 

BROMINE   AND   HYDROGEN. 

HYDROGEN   BROMIDE. 

Formula.  HBr.  MoU,:u!ar  H'eighl,  80.76. 

Preparation. — When  equal  volumes  of  hydrogen  and  bromine 
vapor  are  mixed,  they  do  not  explode  by  the  application  of  flame 
as  in  the  case  of  hydrogen  and  chlorine,  but  when  the  mixture 
b  passed  over  red-hot  platinized  asbestos,  combination  takes 
place  and  hydrogen  bromide  or  hydrobromic  acid  gas  results. 
The  same  compound  is  formed  when  a  jet  of  hydrogen  is  burned 
in  bromine  vapor.  A  more  practical  method  is  to  take  one  part 
of  amorphous  phosphorus,  mix  it  with  two  parts  of  water,  in  a 
flask  to  which  is  fitted,  with  a  good  cork,  a  stoppered  funnel  tube 
containing  ten  parts  of  bromine.  The  apparatus  may  be  arranged 
as  in  Fig.  46. 

The  stop-cock  is  opened  so  as  to  allow  the  bromine  to 
drop  by  drop,  when  the  following  reactions  take  place: 

P,         +         loBr,        =        4PBr^ 


I 


The  action  is  somewhat  violent  at  first,  and  great  care  shouV«- 
be  exercised  during  the  operation  to  thoroughly  agitate  tV-i 
mixture  in  order  to  bring  the  two  elements  in  contact,  and  pr-« 
vent  the  collection  in  one  place  of  any  appreciable  quantity  < 
bromine.  The  escape  of  any  free  bromine  is  prevented  by  cc:* 
necting  the  flask  with  a  tube  containing  amorphous  phosphos( 


J 
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mixed  with  pieces  oT  glass.  By  this  means  the  hydn^en  bromide 
formed  in  the  flask  is  augmented  by  that  formed  in  the  tube. 
After  the  first  action  ceases  it  is  necessary  to  apply  a  gentle  heat, 
when  the  gas  comes  ofT  freely,  and  is  best  collected  by  down- 


Fic.  46. 


PrcpMMton  or  faydrobroi 


wd  displacement.  Hydrobromic  acid  attacks  mercury  some- 
*hat,  so  it  is  not  a  suitable  medium  over  which  to  collect  it,  as 
ns  the  case  with  hydrochloric  acid. 

B]r  heating  together  potassium  bromide  and  phosphoric  acid 
tbe  gas  is  evolved  as  follows : 

3KBr       +       H,P04       =       K,PO«        +       sHBr. 

Pouwiun  Pboiphinic  Patau  I  mn  Hydrobromic 

Bromide.  Acid.  Phosphate.  Acid. 

It  naturally  occurs  to  one  that  a  cheaper  acid,  like  sulphuric, 
■night  be  substituted ;  this,  however,  cannot  be  done  in  the  case 
of  the  gas,  but  only  in  the  preparation  of  the  aqueous  solution, 
^nn  in  the  concentrated  solution  a  decomposition  takes  place  as 
faUoTs: 

sKBr    +    aH^O,    =    jKHSO«     + 

^Mlnta  SBlpbnrle  Acid  PoUuium 

■fwrte.  Acid.  Suiphue. 

Properties. — Hydrogen  bromide  is  a  colorless,  heavy  gas, 
^  a  sharp,  irritating  odor  and  an  acid  taste  and  reaction.  At 
i  temperature  <rf  — 73°  it  becomes  a  colorless  liquid,  which,  by 
'  fiirtber  reduction  of  temperature  to  — 87°,  forms  an  ice-like 
*^  The  gas  has  a  specific  gravity  of  2.8  (air  =  1),  and  is 
<^  soluble  in  water.     It  is  neither  combustible  nor  a  supporter 


Suiphur 
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of  combustion.     Chlorine  readily  decomposes  hydrogen  bromide 
according  to  the  following  reaction  : 

2HBr  +  CI,  =  2HCI  +  Brg. 

Many  metals  react  with  hydrogen  bromide,  forming  bromides. 

Acidum  Hydrobromicum  Dilutum,  U.  S.  P. — As  stated 
above,  the  gas  is  very  soluble  in  water,  and  on  account  of  its  use 
in  medicine  this  solution  is  worthy  of  especial  consideration. 
Water  saturated  with  the  gas  at  0°  furnishes  a  solution  which 
fiimes  strongly  on  exposure  to  the  air,  and  has  a  specific  gravity 
of  1.78.  According  to  Biel,  that  of  50  per  cent,  strength  has  a 
specific  gravity  of  i. 513  at  15°. 

The  official  acid  contains  10  per  cent,  of  hydrobromic  acid 
gas,  and  has  a  specific  gravity,  according  to  the  Pharmacopoeia, 
of  about  1.077,  which,  as  pointed  out  by  Dr.  Squibb,  should  be 
1.0698.  Oh  the  application  of  heat  the  strong  acid  gives  off  gas 
until  the  strength  is  reduced  to  48  per  cent,  when  it  distils  un- 
changed at  a  temperature  between  125^  and  126^,  and  possesses 
a  specific  gravity  of  1.49  at  15®.  When  a  weaker  acid  is  heated, 
water  distils  over  until  the  contents  of  the  still  reach  the  above 
strength,  when  it  passes  over  unchanged.  Like  hydrochloric 
acid,  the  strength  of  the  distillate  varies  according  to  the  pressure. 

An  acid  of  34  per  cent  strength  may  be  prepared  by  Dr. 
Squibb's  method,*  and  then  diluted  to  a  10  per  cent  strength. 

An  acid  of  48  per  cent,  strength  may  be  prepared  as  follows : 
One  hundred  grammes  of  coarsely-powdered  potassium  bromide 
and  150  c.c.  of  sulphuric  acid,  specific  gravity  1.41,  are  mod- 
erately warmed  until  solution  is  effected,  and  then  distilled. 
Boiling  commences  at  126^,  and  the  temperature  slowly  rises  to 
150®.  During  this  time  most  of  the  hydrobromic  add  distib 
over.  Traces  of  sulphuric  acid  are  carried  over  with  the  last 
portions  of  the  distillate,  and  if  the  bromide  contain  bromate  the 
first  portions  of  the  distillate  will  contain  bromine. 

A  method  frequently  used  when  a  dilute  acid  is  desired  consists 
in  passing  hydrogen  sulphide  into  an  aqueous  solution  of  bromine 
containing  some  undissolved  bromine.  The  reaction  takes  place 
as  follows : 


Bra        -f        HjS       =        2HBr        +       S. 

Hydroeen  Hydrogen 

Sulphide.  Bromiae. 


Bromine.  Hydroeen  Hydrogen  Snlphi 

"iide. 


*  American  Journal  of  Pharmacy,  1878,  p.  iid. 
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As  bst  as  the  bromine  which  is  in  solution  is  taken  up  more  is 
dissolved,  until  enough  hydrogen  bromine  is  formed  to  act  as  a 
solvent  of  the  bromine,  and  thus  enable  the  process  to  continue 
rapidly.  This  method  cannot  be  employed  for  any  but  dilute 
solutions.  The  excess  of  hydrogen  sulphide  is  removed  by 
evaporation,  and  the  sulphur  which  separates  is  removed  by 
filtration. 

Fothergill's  process  is  intended  to  furnish  extemporaneously  a 
solution  of  about  10  per  cent,  strength.  It  consists  in  taking 
10  grammes  of  potassium  bromide  and  12  grammes  of  tartaric 
add,  each  in  30  c.c.  of  distilled  water,  mixing,  cooling,  and, 
after  standing  one  hour,  pouring  on  a  muslin  strainer  and  washing 
with  a  little  ice-cold  water. 

The  impurities  in  diluted  hydrobromic  acid  are  usually  acci- 
dental, and  due  to  carelessness  in  manufacturing.  Sulphuric  acid, 
which  might  be  present  from  this  cause,  is  easily  detected  by 
solution  of  barium  chloride.  Hydrochloric  acid  is  found  by  the 
partial  or  complete  solubility,  in  ammonium  hydrate,  of  the  pre- 
dpitate  with  silver  nitrate.  On  evaporating  the  acid  there  should 
be  no  residue.  This  last  test  would  detect  the  potassium  bromide 
and  bitartrate,  which  are  found  in  the  acid  when  made  by  Fother- 
gill's formula. 

Broxnides, — ^The  salts  of  hydrobromic  acid  and  bromine  are 
called  bromides.  Many  of  them  can  be  prepared  by  the  action  of 
the  add  on  a  carbonate,  hydrate,  or  oxide  ;  but  they  are  oftener 
made  fi'om  bromine,  by  first  combining  it  with  a  metal  like  iron, 
and  then  decomposing  by  a  carbonate  or  hydrate. 

Potassium,  sodium,  lithium,  and  ammonium  bromides  are  used 
medicinally,  and  silver  bromide  is  used  extensively  in  photog- 
ftphy.  Nearly  all  the  bromides  are  soluble  in  water,  the  notable 
cxcepdons  being  those  of  silver,  mercury,  and  lead.  Heat  fuses 
^  volatilizes  the  bromides,  most  of  them  with  decomposition, 
^accompanied  by  liberation  of  bromine.  They  are  all  decomposed 
by  dilorine,  sulphuric  and  nitric  acids. 

Both  the  add  and  its  salts  are  detected  by  the  addition  of  a 
dilute  solution  of  starch  and  chlorine  water,  which  form  the  yellow 
stardi  bromide.  The  bromine  is  easily  soluble  in,  and  separated 
^  agitation  with,  ether,  chloroform,  and  carbon  disulphide ;  to 
^  of  these  it  imparts  a  reddish-brown  color,  the  shade  of  color 
^icpedding  on  the  concentration. 
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BROMINE  AND   CHLORINE. 

Bromine  Monochloride. — ^When  chlorine  is  passed  into  bromine  at  a 
low  temperature,  large  quantities  are  absorbed,  and  a  reddish-yellow 
volatile  liquid,  bromine  monochloride,  BrCl,  is  formed.  It  is  soluble  in 
water,  and  separates  a  hydrate  on  cooling  to  o**.  It  is  decomposed  at  or 
above  lo**. 

IODINE. 

Symbol,  I.  Atomic  Weighty  126.53.  VaUnce,  I. 

History. — In  1811,  Courtois,  a  soap-boiler  of  Paris,  noticed  a 
peculiar  corrosion  of  his  copper  kettle  during  the  evaporation  of 
kelp  liquor,  after  crystallizing  the  sodium  carbonate  from  it ;  and 
subsequently  he  obtained  violet  vapors  on  the  addition  of  sul- 
phuric acid  to  some  of  the  waste  liquor. 

This  discovery  was  announced  in  181 2.  Davy  and  Gay-Lussac 
both  investigated  the  new  element  about  a  year  later,  and  the 
latter  gave  it  the  name  of  iodine  from  the  violet  color  of  its  vapor. 

Occurrence. — Iodine  does  not  occur  in  the  free  state  in  nature, 
but  in  combination  with  potassium,  sodium,  or  magnesium  ;  it  is 
found  in  the  waters  of  many  mineral  springs,  in  sea  water,  in 
most  sea  plants  and  animals,  in  rock-salt,  and  in  coaL  In  certain 
minerals  it  occurs  combined  with  silver,  lead,  mercury,  and  zinc 
The  sodium  nitrate,  or  Chili  saltpetre,  of  Peru  and  Chili,  contains 
iodine  in  the  form  of  sodium  iodate. 

Source. — The  world's  supply  of  iodine  comes  from  two  sources, 
sea  plants  and  Chili  saltpetre.  The  former  of  these  has  been 
worked  since  the  first  demand  for  the  element  The  rdathrc 
quantity  occurring  in  sea  water  is  too  minute  for  that  to  be 
considered  a  source,  but  certain  sea  plants  absorb  the  iodides  in 
considerable  quantity.  Of  these  the  Aigig  have  the  greatest  ab- 
sorbing power,  and  two  or  three  species  of  Lammarim  are  said 
to  furnish  the  only  weeds  now  used  in  this  industry. 

Preparation. — ^The  sea- weeds  which  collect  on  the  coasts  of 
Scotland,  Ireland,  and  some  of  the  neighboring  islands  are  gath- 
ered, and,  with  those  brought  in  vessels  sent  out  for  the  purpose, 
are  burned,  the  ash  forming  what  has  for  a  long  time  been  known 
as  ke/p.  The  similar  product  from  the  coasts  of  Normandy  and 
the  Channel  Islands  is  called  varec,  and  that  from  the  Spanish 
coasts  is  known  as  barilla.  These  three  commercial  products 
were  long  worked  for  their  sodium  carbonate,  but  at  the  pVesent 
time  they  are  worked  for  the  iodine  they  contain.  The  method 
of  manufacture  may  be  briefly  outlined  as  follows  : 


IODINE.  151 

Sea-weeds  are  burned  to  a  fused  mass  of  carbon  and  ash  ;  this 
mass  is  lixiviated  with  water,  the  solution  evaporated  to  remove 
chlorides,  sulphates,  and  carbonates,  and  the  concentrated  mother 
liquor  treated  with  sulphuric  acid,  which  causes  a  separation  of 
sulphur  on  account  of  the  sulphides  and  sulphites  present  This 
sulphur  and  the  crystals  of  sulphate  formed  are  removed,  and  the 
remaining  acid  liquor,  in  a  lead-lined  retort,  is  treated  with  man- 
ganese dioxide,  which,  with  the  free  sulphuric  acid  previously 
added,  liberates  iodine  according  to  the  following  reaction  : 


aKl    + 


Sulphui 


The  temperature  is  kept  at  about  60°,  which  causes  the  iodine 
to  pass  off  in  vapor  and  condense  in  a  series  of  earthenware 
receivers  adapted  to  the  retort  for  that  purpose.  The  apparatus 
by  which  the  sublimation  and  condensation  are  accomplished  is 
shown  in  Fig.  47.     After  iodine  ceases  to  be  evolved,  bromine  is 


Fia47. 


[  and  conducted  into  separate  receivers.  The  above 
nethod  haa  been  carried  out  at  Glasgow,  which  has  always  been 
tbe  seat  of  the  iodine  industry.     Within  the  last  few  years,  how- 
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t7^,  competitioa  with  t&e  cheaper  :soarces  in  ^nc  jnuf  Ch3£  has 
ferf  CO  improvexnent')  in  the  manner  of  hearing  the  ieaHvced.  so 
M  to  rtdoct  the  icaa  by  deoomposfldoa  and  voiarilhrarimr^  jod  at 
the  Mme  time  the  by-products  are  iaved  and  utiiiatfif.     Iix  (ooe  of 
theie,  the  *  *  char"  proceas,  the  sea-weed  b  hyatttf  in  xoa  n^torts 
at  a  Ifjfw  temperature.     Acetic  acad,  tar,  and  ammonsi  chssciL  over, 
all  fA  which  can  be  utilized,  while  in  the  retort  tftere  rexixaiiis  a 
lar$(e  quantity  of  charcoal,  which,  a&er  treatment  with  water  to 
ftrmf/vc  iodides  and  other  salts,  can  be  used.     Anochcr,  the 
''wfrt"   pffjcfn^,  conswts  of  a  still  more  rachcal  change.     The 
air-drierl  sea- weed  m  boiled  with  a  solution  of  sodium  carbonate 
and  filtered  ;  the  precipitate  or  insoluble  portion  remaining  on 
the  Mtfrr  in  composed  largely  of  cellulose.    The  hitrate  is  acidified 
with  sulphuric  acid,  by  which  algin  is  precipitated.     The  solution, 
aft^  removal  of  algin,  is  neutralized  with  caldum  carbonate, 
€^;i|K>rated,  the  easily  crystallized  salts  removed,  and  the  mother 
li<|Uor  trcatc.'d  for  iodine  in  the  usual  manner.    This  {Hxxress,  in 
midition  to  increasing  the  yield  of  iodine,  reduces  the  cost  mate- 
rially tiy  the  value  of  the  algin  and  cellulose,  both  of  which  are 
Uf^rful  in  many  ways. 

In  l''ran(r  chlorine  is  employed  to  separate  the  iodine  fi-om 
tttf«  liquor,  in«itea(l  of  sulphuric  acid  and  manganese  dioxide,  as 

follow*! : 

iKI       +       CI.       =       2KCI       4-       Ir 

r(«(iiMiutn  Chlorine.  Poiassiom  Iodine, 

ioillilv.  Chloride. 

Htf'  tiiti^t  important  sources  of  iodine  at  the  present  time  are 
Mo»  Mlhi"  IiihIa  of  Chili  and  Peru.  So  great  has  become  this 
iMftMaftv  iti  So\ith  America  that  the  yearly  output  fix>m  that 
•>MM»»4*  'thtMUiitiMl  in  1891  to  949i8o5  pounds.  The  iodine  exists 
IM  Mt»'  MMilluM  li(i\ior  from  the  sodium  nitrate  in  the  form  of 
^MfliMMt  IhilfUPi  NuIO«;  from  which  it  is  precipitated  by  sodium 
iji.*iil|«hHu  •uiil  Q\ilpluirouH  oxide,  as  follows : 

iNulii^    I    4N.^M^(>„    I    SO,  =:  4NaHS04   +  Na,S04  +  I,. 

Sodiam 
Sulphate. 


}>wi]ii(iM  b^MUuin  Slulphur  Sodiam  Sodiam  Iodine. 

IwiUU  liuul|iKiiv,         tMoRlde.         Bisulphmte. 


1  liL  iiiilihu  jii  i'oUn  tcil  on  muslin  strainers,  dried,  and  purified 
liy  buliliduitiiiu. 

Ai( iiniing  to  cinothrr  mctho<i»  the  sodium  iodate  is  first 
dui  L'd  t(»  iiuiide,  as  i'olK>\VH  : 

+       NaL 


NaU^a 

+ 

.^NaMSO,        ^ 

=       3NaHS04 

Soiiiuiu 

Soiliuni 

Sodium 

Jutltilc. 

Buulphtic. 

Bisulphmte. 
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This  sodium  iodide  is  then  treated  with  copper  sulphate  and 
ferrou3  sulphate,  which  precipitate  the  iodine  as  cuprous  iodide  : 

aNal   +    2CUSO4  4-  2FeS04   =   Cu,I,   +    Na,S04  +  Fe,(S04)a. 

Sodinm  Copper  Ferroiu  Cuprous  Sodium  Ferric 

Iodide.  Sttlpnate.  Sulphate.  Iodide.  Sulphate.  Sulphate. 

The  cuprous  iodide  is  collected  and  heated  with  manganese 
dioxide  and  sulphuric  acid,  and  the  iodine  sublimed  therefrom  in 
the  usual  manner. 

Iodine  for  medicinal  purposes  is  purified  by  washing  with  cold 
water,  drying,  and  subliming.  The  first  portions  which  come 
over  are  set  aside,  as  possibly  containing  iodine  cyanide,  and  the 
remainder  sublimed  at  the  temperature  of  a  water  bath. 

Properties. — Iodine,   U.S. P.,   consists  of  "heavy,  bluish- 
black,  dry  and  finable  rhombic  plates,  of  a  metallic  lustre,  a  dis- 
tinctive odor,  a  sharp  and  acrid  taste,  and  a  neutral  reaction." 
It  has  a  specific  gravity  of  4.948  at  17^,  melts  at  114^,  and  boils 
at  about  184®,  giving  off  a  vapor  which,  when  mixed  with  air,  is 
violet  colored,  but  when  pure  is  deep  blue.     At  ordinary  tem- 
peratures slow  volatilization  takes  place,   and,   if  in  a  bottle, 
minute  crystak  are  deposited  on  the  sides.      Below  500°  the 
vapor  has  a  density  of  127,  which  indicates  that  the  molecule 
consists  of  two  atoms,  Ig,  but  above  500®  the  vapor  density  di- 
minishes until  1500®  is  reached,  when  it  has  fallen  to  65.7,  or  a 
little  above  the  theory  for  I^,  which  indicates  that  dissociation 
occurs  at  high  temperatures. 

Iodine  b  slightly  soluble  in  water,  one  part  of  the  element 
requiring  5524  parts  of  water  at  10°  to  dissolve  it,  forming  a 
peculiar  yellowish  solution,  which,  on  exposure  to  light,  forms 
hydriodic  acid.  The  solubility  of  iodine  in  water  is  much  in- 
creased by  the  presence  of  potassium  iodide  or  hydriodic  acid, 
lie  official  Liquor  lodii  Compositus,  U.S. P.  (Lugol's  Solu- 
tion), is  a  preparation  based  on  this  property.  In  strong  alcohol 
iodine  is  soluble  to  the  extent  of  one  part  to  ten  of  the  solvent, 
forming  a  dark-brown  liquid,  which  is  stronger  than  the  Tinctura 
lodi,  U.  S.  P.,  which  contains  seven  parts  of  iodine  in  one  hun- 
ted of  alcohol.  Iodine  is  also  soluble  in  ether,  chloroform, 
^bon  disulphide,  benzene,  and  petroleum,  to  all  of  which,  in 
sroall  quantity,  it  imparts  a  red  or  violet  color,  according  to 
tbc  amount  dissolved.  It  is  also  soluble  in  glycerin  and  in 
jhdal  acetic  acid.  The  solubility  is  increased  in  water  by  a 
Aumber  of  organic  substances,  notably  tannic  acid. 
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In  chemical  properties  iodine  resembles  chlorine  and  bromine, 
although  it  is  much  less  energetic  It  bleaches,  although  slowly, 
and  combines  direcdy  with  hydrogen,  chlorine,  sulphur,  phos- 
phorus, and  many  of  the  metals.  When  a  crystal  of  iodine  is 
laid  on  a  small  piece  of  phosphorus  the  combination  is  attended 
with  so  much  heat  as  to  inflame  the  latter.  As  in  the  case  of 
bromine,  sodium  and  iodine  can  be  heated  together  without 
change,  while  with  potassium  the  action  is  explosively  rapid. 

With  starch  solution  a  trace  of  iodine  forms  a  deep  blue  color. 
This  color  is  destroyed  on  heating  and  reappears  on  cooling. 
The  compounds  of  iodine  do  not  produce  this  color  with  starch 
until  a  little  chlorine  is  added  to  liberate  the  iodine  ;  an  excess  of 
chlorine  destro>'s  the  color. 

Uses. — Iodine  is  used  extensively  in  the  manufacture  of  some 
of  the  coal-tar  colors,  in  the  preparation  of  iodides,  in  photog- 
raphy, and  in  medicine. 

Impurities  and  Tests. — Fixed  impurities,  as  coal,  plumbago, 
etc.,  may  be  recognized  by  volatilizing  a  small  quantity  of  the 
sample,  which  should  leave  no  residue.     An  excess  of  moisture 
is  indicated  by  the  iodine  adhering  to  the  sides  of  the  bottle,  and 
by  it  failing  to  form  a  perfectly  clear,  limpid  solution  with  chloro- 
form.     Iodine  chloride  is  detected  on  agitating  a  sample  with 
water,  to  which  not  more  than  a  yellowish-brown  color  should  be 
imparted.      Compounds  of  iodine  with  chlorine,  bromine,  and 
cyanogen  may  be  detected  by  triturating  one  part  of  iodine  with 
twenty  parts  of  water  and  filtering  the  solution.     To  one-half  of 
the  solution  carefully  add  decinormal  sodium  hyposulphite  solu- 
tion until  the  solution  is  just  decolorized.     Then  add  a  few  drops 
of  ferrous  sulphate  solution,  and  subsequently  a  little  sodium 
hydrate,  and  heat  the  mixture  gently.     On  now  adding  a  slight 
excess  of  hydrochloric  acid,  the  liquid  should  not  assume  a  blue 
color,  indicating  the  absence  of  iodine  cyanide.     To  the  other 
half  of  the  aqueous  filtrate  add  a  slight  excess  of  silver  nitrate 
solution,  shake  actively  and  allow  the  precipitate  to  subside, 
and,   having    poured  off  the    clear    supernatant   liquid    com- 
pletely, shake  the  precipitate  with  a  mixture  of  i  c.c.  of  am- 
monia water  and  9  c.c.  of  water,  and  filter.     Upon  the  addition 
of  a  slight  excess  of  nitric  acid  to  the  filtrate  not  more  than 
a  slight  opalescence  should  make  its  appearance,  indicating  the 
limit  of  chlorine  or  bromine. 
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PRACTICAL   EXERCISES. 

(i)  Pass  chlorine  into  a  dilute  (about  one  per  cent. )  solution  of  potas- 
sium iodide ;  the  liquid  will  become  dark  in  color,  owing  to  separation  of 
iodine.     In  stronger  solutions  the  iodine  would  be  precipitated. 

(2)  To  a  portion  of  the  iodine  solution,  diluted  with  water,  add  solution 
of  starch ;  a  blue  color  will  form,  due  to  the  combination  of  starch  with 
iodine.  When  a  precipitate  is  formed  instead  of  a  blue  color,  it  is  an 
indication  that  the  iodine  solution  is  too  strong,  and  a  more  dilute  one 
must  be  used.  The  blue  color  of  the  starch  iodide  is  destroyed  by  heat 
and  by  excess  of  chlorine. 

(3)  To  another  portion  of  the  iodine  solution  in  a  test-tube  add  a  small 
quantity  of  chloroform  and  agitate  ;  the  chloroform  will  remove  the  iodine 
from  the  water,  and  settle  to  the  bottom  of  the  tube  as  a  deep  violet- 
colored  liquid,  and  the  water  above  will  become  nearly  colorless. 

IODINE   AND   HYDROGEN. 
HYDROGEN  IODIDE.     HYDRIODIC  ACID. 

Formula^  HI.  Molecular  IVeighl^  127.53. 

Preparation. — A  mixture  of  equal  volumes  of  hydrogen  and 
kxUne  vapor,  passed  over  platinized  asbestos  heated  to  redness, 
partly  combines,  forming  hydrogen  iodide.  This  reaction  does 
not  take  place  nearly  so  readily  as  in  the  case  of  hydrogen  and 
chlorine,  or  even  hydrogen  and  bromine ;  and  the  combination 
only  imperfectly  takes  place  when  hydrogen  is  burned  in  iodine 
vapor. 

As  with  hydrogen  bromide,  the  method  with  amorphous  phos- 
phorus is  the  best  for  obtaining  the  gas  in  quantity.  One  part 
of  amorphous  phosphorus  is  mixed  with  fifteen  parts  of  water  in 
a  suitable  flask,  and  twenty  parts  of  iodine  are  gradually  added, 
keeping  the  flask  cool,  with  ice  if  necessary,  and  allowing  the 
action  after  each  addition  to  cease  before  adding  more.  When 
^the  iodine  has  been  added,  and  action  has  finally  ceased,  gentle 
keat  may  be  applied,  and  the  gas,  which  is  very  heavy,  collected 
^  downward  displacement.  The  same  precautions  of  passing 
*e  gas  over  a  mixture  of  amorphous  phosphorus  and  broken 
Sbss  may  be  observed  here  as  with  hydrogen  bromide.  Mercury 
Js  acted  on  by  hydriodic  acid  gas,  and,  therefore,  cannot  be  used 
fcr  the  collection.     The  reaction  is  as  follows  : 

P4         +  61,         =         4PI8. 

Phofphoms.  Iodine.  Phosphorus 

Tri- iodide. 


4PI,         +  laHjG  =  12HI  -f  4H3PO3. 

>horc 
Lcid. 


!J<*pl»nis  Water.  Hydriodic  Phosphorous 

Tri-iodide.  Acid.  Ac    * 


3KI 

+ 

H,PO« 

=s 

K,PO« 

Potassium 

Phosphoric 

Potassium 

Iodide. 

Acid. 

Phosphate. 
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Another  method,  used  when  a  solution  of  the  gas  in  water  is 
desired,  consists  in  passing  hydrogen  sulphide  into  water  con- 
taining iodine : 

2I,  +  2H,S  =  4HI  +  S^ 

Iodine.  Hydrogen  Hydrogen  Sulphur. 

Sulphide.  lodiae. 

The  small  quantity  of  iodine  in  solution  is  first  converted  into 
hydrogen  iodide,  which  in  turn  dissolves  more  iodine  to  be  acted 
on.  Sulphur  is  deposited  at  the  same  time,  and  to  prevent  it 
enclosing  the  iodine,  it  is  preferable  to  agitate,  and  add  the  latter 
in  small  portions  at  a  time.  The  solution  must  be  boiled  to 
separate  the  excess  of  hydrogen  sulphide,  and  filtered  to  remove 
sulphur. 

Hydrogen  iodide  may  also  be  prepared  by  heating  together 
phosphoric  acid  and  potassium  iodide  : 

-r  3HI. 

Hvdrogen 
Iodide. 

The  use  of  sulphuric  instead  of  phosphoric  acid  in  this  process 
is  precluded  on  account  of  the  reduction  of  the  sulphuric  add, 
according  to  the  following  reaction  : 

2KI    4-    3HaS04    =    2KHSO4    +    2H,0    +    SO,    +    I,. 

Potassium         Sulphuric  Acid  Water.  Sulphur        Iodine. 

Iodide.  Acid.  Potassium  Dioxide. 

Sulphate. 

Properties. — Hydrogen  iodide  is  a  colorless,  heavy  gas,  with 
a  sharp,  irritating  odor,  and  an  acid  taste  and  reaction.  At  o® 
and  a  pressure  of  four  atmospheres  it  forms  a  colorless  liquid, 
which  solidifies  at  — 51°.  Its  specific  gravity  is  4.41.  The  gas 
!s  very  soluble  in  water,  and  when  saturated  at  o**  the  solution 
has  a  specific  gravity  of  1.99. 

Both  the  strong  and  weak  solutions  vary  in  boiling  point  until 
the  strength  of  57.75  per  cent,  is  reached,  when  it  distils  at  127®, 
under  ordinary  atmospheric  pressure.  The  gas  commences  to 
decompose  at  180**,  and  if  some  of  it  be  poured  down  on  the 
flame  of  a  Bunsen  burner,  clouds  of  iodine  vapor  are  evolved. 
It  also  readily  decomposes  when  a  red-hot  platinum  wire  b 
plunged  into  a  vessel  of  it,  or  more  slowly  when  simply  exposed 
to  the  air.  This  accounts  for  the  difficulty  of  preparing  the  gas 
by  the  direct  union  of  the  elements.  The  aqueous  acid  readily 
decomposes  on  exposure  to  light,  and  becomes  dark  brown  in 
color  ;  for  this  reason  a  syrup  of  it  has  been  made  official,  instead 
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of  the  acid  of  i860,  in  order  to  take  advantage  of  the  preservative 
action  of  sugar. 

Uses. — ^The  acid  has  some  use  in  medicine,  and  is  also  much 
employed  in  chemical  operations  where  a  reducing  agent  is  de- 
sired, on  account  of  the  readiness  with  which  it  is  decomposed, 
giving  hydrogen  in  the  nascent  state. 

Iodides. — ^These  salts,  like  the  bromides,  may  be  prepared 
from  the  acid,  but  it  is  cheaper  to  make  them  directly  from  the 
dement.  They  are  nearly  all  soluble  in  water,  the  important 
exceptions  being  the  silver,  mercurous,  mercuric,  and  lead  iodides. 
Heat  fuses  and  decomposes  the  iodides,  with  formation  of  the 
metal  or  its  oxide  and  free  iodine. 

Detection. — ^The  acid  and  its  salts  are  detected  by  the  addition 
of  starch  and  chlorine  water,  when,  if  the  starch  solution  be  suf- 
ficiently dilute  and  the  chlorine  in  not  too  great  excess,  there  will 
be  formed  the  blue  starch  iodide.     This  blue  color  disappears  on 
heating  and  reappears  on  cooling,  and  is  destroyed  by  an  excess 
of  chlorine  water.      When  the  blue  mixture  is  agitated  with 
ether,  chloroform,  or  carbon  disulphide,  the  iodine  is  withdrawn, 
imparting  to  the  solvent  a  red  or  violet  color,  according  to  the 
amount  present.     Before  deciding  finally  on  the  presence  of  hy- 
driodic  add  and  iodides,  one  must  be  sure  that  such  salts  as  the 
sulphites  and  thiosulphates  are  either  absent  or  are  completely 
oxidized  by  the  chlorine,  for  the  blue  color  will  not  appear  until 
all  readily  oxidizable  substances  are  converted.     A  few  organic 
substances,  notably  tannin,  interfere  with  the  formation  of  the 
blue  color.     When  bromides  are  present  with  iodides,  the  color 
resulting  from  the  addition  of  starch  and  chlorine  water  will  be 
green,  from  a  mixture  of  the  yellow  starch  bromide  with  the  blue 
starch  iodide. 

IODINE  AND  CHLORINE. 

These  two  elements  unite  in  two  proportions,  forming  iodine  mono- 
^loride,  ICl,  and  iodine  trichloride,  ICla-  The  former  is  prepared  by 
Passing  dry  chlorine  over  dry  iodine,  until  the  latter  is  liquefied,  or  by 
jlistilling  one  part  iodine  with  four  parts  potassium  chlorate,  or  by  boiling 
^<)dine  with  strong  aqua  regia,  diluting  with  water,  and  agitating  with 
e*l>er.  The  ether  dissolves  the  iodine  chloride,  and  leaves  it  behind  on 
evaporation.  It  is  a  thick,  reddish-brown  liquid,  which  solidifies,  on 
standing,  to  well-defined  crystals,  which  melt  at  24.7^.  It  is  decomposed 
^  water,  forming  iodic  acid,  hydrochloric  acid,  and  free  iodine.  As 
ni^t  be  expected,  it  does  not  color  solution  of  starch,  on  account  of  the 
pvesence  of  chlorine. 

Iodine  trichloride  b  prepared  by  continuing  the  passing  of  chlorine 
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over  the  iodine  monochloride  until  a  solid  compound  is  obtained.  This 
is  a  solid,  crystalline  compound,  of  a  yellow  color,  which,  when  heated  to 
25°,  gives  off  chlorine,  forming  the  monochloride.  It  partly  dissolves  in 
water,  and  is  in  part  decomposed  into  iodic  and  hydrochloric  acids  and 
free  iodine.  A  solution  is  prepared  for  medicinal  use  by  suspending  5.5 
grammes  of  iodine  in  22  grammes  of  water,  and  passing  in  chlorine  as 
long  as  it  is  absorbed  by  the  well-cooled  mixture. 

The  solution  contains  10  grammes  of  iodine  trichloride. 

For  testing,  the  aqueous  solution  (i  to  20)  is  agitated  with  chlorofonn, 
which  must  not  be  colored  violet  at  once,  but  the  color  should  appear 
immediately  on  the  addition  of  a  few  drops  of  stannous  chloride. 


FLUORINE. 

Symbol^  F.  Atomic  ll''eight^  19.  Valence,  I. 

History. — In  the  latter  part  of  the  eighteenth  century,  Marg- 
graf  noticed  that  his  retort  was  powerfully  attacked  when  he 
heated  in  it  a  mixture  of  fluor-spar  and  sulphuric  acid.  Am- 
pere, in  1 8 10,  pointed  out  the  analogy  between  hydrochloric  acid 
and  the  compound  at  that  time  called  fluoric  acid  ;  hence,  when 
adapted  to  more  modern  nomenclature,  the  name  of  this  pecu- 
liar compound  became  hydrofluoric  acid. 

Many  attempts  have  been  made  in  recent  years  to  isolate  the 
element.  Its  action  on  the  vessels  containing  it  and  its  intense 
affinity  for  moisture  prevented  its  separation  in  the  free  state  in 
such  a  quantity  and  degree  of  purity  as  to  be  of  any  value. 

In  1886,  Moissan,  by  passing  a  powerful  electric  current  through 
anhydrous  hydrofluoric  acid,  liquefied  at  o**  and  cooled  to  — 23®, 
and  contained  in  a  U-shaped  tube  of  platinum,  succeeded  in  ob- 
taining the  free  element  as  a  colorless  gas.  A  small  quantity  of 
potassium  fluoride  was  added  to  the  acid  to  make  it  a  better  con- 
ductor, and  the  positive  pole,  at  which  the  element  appeared, 
was  an  alloy  of  platinum  and  iridium.  The  platinum  tube  in 
which  the  operation  was  carried  out  was  not  acted  on  perceptibly 
at  such  a  low  temperature. 

Occurrence. — Fluorine  is  said  to  occur  in  the  free  state  in  the 
crevices  of  certain  fluor-spar  deposits  in  Bavaria.  It  is,  however, 
only  in  minute  quantity  and  recognized  by  its  odor.  It  occurs 
combined  in  a  number  of  minerals,  chiefly  as  calcium  fluoride  or 
fluor-spar,  CaF^,  and  as  sodium  and  aluminum  fluoride  or  cryo- 
lite, 6NaF.AljF^.  The  former  of  these  is  pretty  well  distributed 
over  the  globe,  the  latter  is  found  in  Greenland.  Fluorine  has 
been  found  in  small  quantity  in  sea  water,  in  many  mineral 
waters,  in  the  bones  and  teeth  of  man,  and  in  milk. 
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Preparation  and  Properties.—The  preparation  has  been 

^nifficiently  described  under  its  history.     Fluorine  is  a  colorless 

^aLSj  with  an  odor  resembling  hypochlorous  acid.     It  is  the  most 

jpowerfiil  of  all  the  known  elements ;  gold,  platinum,  with,  per- 

liaps,  a  few  other  of  the  noble  metals,  and  oxygen  are  not  at- 

-Sacked  by  it.     It  combines  explosively  with  hydrogen  in  the  cold, 

^nd  decomposes  the  alkali  chlorides,  when  they  are  anhydrous, 

liberating  chlorine.     Water  is  decomposed  by  it,  with  formation 

of  hydrogen  fluoride  and  ozone.     Cork  chars  and  ignites  in  the 

^as,  and  many  organic  substances,  like  benzene,  alcohol,  and  tur- 

^>entine,  are  inflamed  on  coming  in  contact  with  it.     Its  rapid 

action  on  many  metals  at  ordinary  temperatures  is  prevented  by 

-che  formation  of  a  coating  of  fluoride  ;  iron,  however,  completely 

absorbs  it.      Hydrogen,  sulphur,  phosphorus,  iodine,  arsenic, 

3ntimony,  silicon,  boron,  potassium,  and  sodium  combine  with 

it  on  contact  with  great  energy,  attended  with  heat  and  light. 

FLUORINE  AND   HYDROGEN. 
HYDROGEN  FLUORIDE.     HYDROFLUORIC  ACID. 

Formula^  HF.  Molecular  Weighty  20. 

Preparation. — The  pure  anhydrous  acid  is  prepared  with  con- 
siderable difficulty  by  heating  the  acid  potassium  fluoride  in  a 
platinum  retort,  connected  with  a  condenser  and  receiver  of  the 
same  metal.  The  principal  difficulties  arise  from  moisture,  and 
from  danger  of  inhaling  the  vapor,  which  is  extremely  irritating 
and  poisonous.  Sulphur  has  been  used  as  a  lute  in  making  tight 
joints. 

The  diluted  acid  is  more  easily  prepared  from  fluor-spar  and 
sulphuric  acid,  in  a  leaden  or  platinum  vessel.  The  vapor  is  con- 
ducted through  a  tube  of  the  same  metal  into  water  in  a  lead, 
platinum,  or  gutta-percha  vessel : 

-f    2HF. 

Hydrogen 
Fluorine. 

The  pure  anhydrous  acid  is  a  colorless  liquid,  having  a  specific 
gravity  of  0.9879  at  13**.  It  boils  at  19.4**,  and  at  — 102.5°  solidi- 
fies to  a  crystalline  mass  which  melts  at  — 92.3°.  Hydrogen 
fluoride  does  not  act  on  glass  as  long  as  it  is  absolutely  free  from 
moisture,  and  the  non-metals  are  but  slightly  affected  by  it.     It 

• 

^  very  soluble  in  water,  and  the  solution  is  understood  in  speak- 
'ng  of  hydrofluoric  add.     The  most  concentrated  solution  has  a 


CaF,    4-    H,S04 

==    CaS04 

Calcium          Sulphuric 

Calcium 

Fluoride.             Acid. 

Sulphate. 
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specific  gravity  of  1.25,  and  this  on  heating  gives  off  the  gas 
until  the  specific  gravity  is  reduced  to  1.15,  when  it  distils  un- 
changed at  120**,  and  contains  36  to  38  per  cent  of  the  anhy- 
drous acid.  The  aqueous  acid  rapidly  attacks  glass,  combining 
with  the  silica  as  follows  : 

4HF    +    SiO,    =    SiF*    +    2H,0. 

Hydrogen         Silicic  Silicon  Water. 

Fluoride.         Oxide.  Fluoride. 

On  account  of  this  property,  one  of  the  most  important  uses 
of  the  acid  is  in  etching  glass.  That  portion  of  the  glass  to  be 
preserved  fi'om  its  action  is  covered  with  a  film  of  wax  or  paraffin 
dissolved  in  turpentine  oil.  The  divisions  on  thermometers, 
eudiometers,  and  other  graduated  apparatus  are  marked  with 
its  aid.  The  dilute  commercial  acid  is  transported  in  wooden 
vessels,  and  the  more  concentrated  article  in  gutta-percha  or 
paraffin  (ceresin)  bottles. 

At  a  temperature  of  30**,  the  density  of  hydrogen  fluoride  is 
such  as  to  lead  to  the  conclusion  that,  at  that  point  and  below,  it 
exists  as  the  double  molecule,  H,F,.  Above  that  temperature 
it  possesses  the  formula  HF.  This  view  is  supported  by  the  feet 
that  some  of  its  salts  are  acid  in  character ;  that  is,  only  half  of 
the  hydrogen  of  the  acid  is  replaced  by  a  base,  for  instance,  the 
one  with  potassium,  used  in  its  preparation,  has  the  formula 
KHF^ 


CHAPTER    IV. 

THE   OXYGEN   GROUP. 

OXYGEN. 

iSymbol,  O.  Atomic  IVeight,  15.96.  VetUnce,  11. 

History. — Oxygen  was  discovered  by  Priestley,  of  England, 
August  1, 1774,  and  a  short  time  after,  independently,  by  Scheele, 
of  Sweden.  Lavoisier  gave  it  the  name  oxygenium — acid-former 
— ^under  the  impression  that  to  it  were  due  the  acid  properties 
of  many  bodies. 

Occurrence. — Although  oxygen  does  not  occur  alone  and 
uncombined,  it  does  exist  in  the  atmosphere  in  the  free  state, 
mixed  with  four  volumes  of  nitrogen. 

In  combination  it  occurs  still  more  abundantly,  eight-ninths 
of  the  water  in  the  globe  being  composed  of  it,  and  it  exists  in 
large  percentage  in  nearly  all  mineral  substances.  The  statement 
lias  been  made  that  one-half  of  the  solid  part  of  the  earth  is  com- 
posed of  this  element.  In  combination  with  carbon  and  hydro- 
gen, it  forms  the  basis  of  nearly  all  the  organic  compounds  in 
the  vegetable  kingdom. 

Preparation. — (i)  The  original  method  of  preparing  oxygen, 
by  heating  mercuric  oxide,  as  discovered  by  Priestley,  is  stitt 
useful  for  illustration : 

2HgO    =    2Hg    -f    O,. 

(3)  By  heating  a  nitrate,  as  potassium  nitrate : 

aKNQa    =    2KNO,    +    O,. 

(3)  By  the  electrolysis  of  water : 

2HaO    =    2H,    -t-    Og. 

(4)  By  heating  manganese  dioxide  and  sulphuric  acid : 
aMnO,    -t-    sH^SOf    =    2MnS04    +    2HaO    +    Og. 

(5)  When  potassium  dichromate  and  sulphuric  acid  are  mixed, 
^niiura  trioxide  is  formed,  according  to  the  following  reaction: 

KjCtjO^    +    2H.SO4    =    2KHSO4    -f    HjO    +    aCrOg. 
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On  heating  this  mixture  with  an  excess  of  sulphuric  acid, 
oxygen  b  liberated : 

aCrOj    +    3H,SO,    =    Cr,(SO,),    +    3H,0    +    C^ 

(6)  On  heating  an  aqueous  solution  of  bleaching  powder- 
calcium  hypochlorite — and  cobaltous  chloride  to  70°  or  80°, 
cobaltous  oxide  is  formed,  which  in  reacting  on  the  calcium 
hypochlorite  is  converted  into  cobaltic  oxide,  and  this  in  turn 
gives  up  oxygen  :  1 

Ca(C10)B    +    4C0O    =    CaCl,    +    aCogOa-  | 

aCogO,    =s    4C0O    +    Og. 

(7)  The  method  most  used  on  a  small  scale  at  the  present  time 
consists  in  heating  a  mixture  of  four  parts  potassium  chlorate  I 
and  one  part  manganese  dioxide.  The  action  of  the  latter  is 
either  mechanical  or  catalytic,  as  the  chlorate  will  yield  oxygen 
when  heated  alone,  provided  the  temperature  is  raised  to  335°, 
and  then  slowly  higher.  The  object  of  the  mixture,  however,  is 
to  obtain  the  gas  at  the  lower  temperature  of  200",  and  without 
fiision  of  the  chlorate  : 

iKClO,    =    2KCI    +    30g. 

This  method  is  usually  carried  out  in  a  copper  or  iron  retort, 
with  arrangements  for  feeding  in  about  one  pound  of  the  mixture 
at  a  time,  without  disconnecting. 

Every  new  lot  of  manganese  dioxide  should  be  tested,  by 
heating  a  small  quantity  in  a  test-tube  with  some  chlorate,  in 
order  to  prove  the  absence  of  impurities  of  an  organic  character, 
which,  if  present,  would  cause  an  explosion  when  heated. 

(8)  A  number  of  processes  have  been  proposed  for  preparing 
oxygen  on  a  larger  scale  and  at  a  lower  cost  than  is  possible 
by  the  preceding.  One  of  these,  suggested  by  Deville  and 
Debray,  consists  in  allowing  sulphuric  acid  to  trickle  into  a 
retort  filled  with  bricks  and  heated  to  redness.  The  decompo- 
sition takes  place  as  follows  : 

sHjSO,  =  iSOa  +  aHgO  +  O,. 
The  sulphur  dioxide  is  removed  by  passing  the  mixture  of 
gases  through  water,  or  up  through  a  tower  filled  with  coke. 
over  which  a  small  stream  of  water  trickles.  The  sulphur 
dioxide  may  be  utilized  by  converting  it  into  sulphuric  acid  to  be 
used  again. 

(9)  The  Tessie  du  Motay  method  suggests  the  heating  of  po- 
tassium or  sodium  manganate  in  a  current  of  steam.     The  details 
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of  the  process  are  the  formation  first  of  the  manganate  from 
manganese  dioxide  and  sodium  hydrate  heated  to  450°  to  500" 
ia  a  current  of  air  : 

»MnO,     +     4NaOH     +     O,     =     jNa,MnO,    +     aH,0. 

It  is  then  heated  to  low  redness  and  steam  passed  over  the 
mass,  when  the  reverse  action  sets  in  with  formation  of  the  original 
materials: 

3Sa,MnO»    +    aH,0    =    iMnO,    +    4NaOH    +    0» 

This  proce^  is  one  of  a  number  that  have  been  designed  to 
use  the  atmosphere  as  the  source  of  oxygen,  and  thereby  fiimish 
a  large  amount  of  the  gas  at  a  very  small  expense.  In  this  par- 
ticular case,  however,  the  manganese  salt  deteriorates  each  time 
it  is  heated,  and  finally  ceases  to  act  altogether. 

(10)  Brin's  process  also  consists  in  extracting  the  oxygen  from 
the  atmosphere.  It  was  patented  in  iSSo,  and  again  in  1S85, 
but  still  required  the  improvements  of  three  or  four  years  to 
bring  it  to  a  successful  condition  on  a  large  scale.  The  principle 
involved  is  not  new,  having  been  proposed  by  BoussingaulL  It 
has  long  been  known  that  many  peroxides,  notably  that  of  barium, 
give  up  their  oxygen  at  high  temperatures,  and  regain  it  from  the 
atmosphere  on  cooUng. 

The  Brin  process,  as  now  perfected,  consists  in  heating  a  porous 
barium  oxide  to  700°  in  closed  vertical  retorts,  into  which  purified 
air  is  forced  under  a  pressure  of  ten  or  fifteen  pounds  in  excess 
of  that  of  the  atmosphere.  The  barium  rapidly  undergoes  peroxi- 
dation, and,  as  soon  as  complete,  the  air-pressure  is  reduced  to 
(burteen  pounds  below  the  atmospheric  pressure,  when  oxygen 
is  rapidly  given  off.  The  whole  time  occupied  in  the  oxidation 
of  the  barium  and  in  the  recover)'  of  the  gas  is  said  not  to  exceed 
ten  minutes.  One  of  the  important  conditions  of  this  process  is 
to  have  the  barium  oxide  in  a  porous  condition.  This  is  attained 
by  heating  barium  nitrate  to  880°  for  three  or  four  hours.  Another 
condition  is  the  use  of  pure  air,  — that  is,  free  from  carbon  dioxide. 
This  is  accomplished  by  a  system  of  washers  containing  lime  and 
sodium  hydrate.  The  oxygen  obtained  has  a  purity  of  from  90  to 
96  per  cent,,  and  is  conveyed  into  a  large  gas-holder,  from  which 
it  IS  pumped  into  steel  cylinders  under  a  pressure  of  800  to  1000 
pounds,  in  which  form  it  goes  into  commerce.  The  small  cylin< 
den  contain  forty  gallons  of  the  gas  compressed  to  about  the 
e  of  one-half  gallon. 
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Properties. — Oxygen  is  a  colorless,  odorless,  and  tastdess 
gas.  It  is  slightly  soluble  in  water,  100  volumes  of  the  liquid  at 
0°  dissolving  4.1  volumes  of  the  gas.  The  specific  gravity  of 
oxygen  is  1. 10563  (air  =1),  and  its  density  15.96.  Under  a 
pressure  of  22.5  atmospheres  and  at  a  temperature  of  — 136°,  it 
liquefies,  and  in  that  condition  it  has  a  specific  gravity  of  0.899 
(water  =1).  This  liquid  is  colorless  and  boils  at  — 184®  under 
a  pressure  of  one  atmosphere.  It  is  also  distinctly  magnetic ; 
taking  the  magnetism  of  iron  at  1,000,000,  that  of  oxygen 
becomes  377. 

In  chemical  properties  oxygen  is  very  active,  combining  either 
directly  or  indirectly  with  all  the  known  elements  except  fluorine. 
It  is  not  a  combustible  gas  under  ordinary  circumstances,  but  it 
supports  the  combustion  of  many  elements  and  compounds. 
The  term  combustibility  is  considered  to  refer  to  the  power  of  a 
substance  to  continue  burning  in  the  air  after  being  once  ignited ; 
that  is,  to  combine  with  the  oxygen  of  the  atmosphere.  When 
mixed  with  hydrogen  the  two  explode  violently  on  the  applica- 
tion of  flame  or  the  electric  spark,  the  result  of  the  combination 
being  water.  With  many  other  of  the  elements  oxygen  unites 
at  ordinary  temperatures,  sodium,  potassium,  and  phosphorus 
being  examples  ;  with  others  again,  as  sulphur,  iron,  carbon,  and 
copper,  an  elevated  temperature  is  required,  while  with  platinum, 
gold,  and  silver,  combination  does  not  take  place  at  any  tem- 
perature. The  products  of  these  combinations  are  called  oxides^ 
those  with  the  non-metals  being  acid-forming  oxides ;  that  is, 
capable  of  forming  acids  by  combination  with  water,  while  most 
of  those  with  metals  are  basic  oxides^  many  of  which  form  basic 
hydrates  with  water. 

A  great  number  of  the  compounds  with  which  we  will  deal  later 
are  combinations  of  oxygen  with  some  other  element.  As  ex- 
amples of  the  formation  of  oxides  we  may  take  the  following  : 

Zn  -f    O      =  ZnO,     Zinc  oxide. 

C  -{-09    =  CO9,     Carbon  dioxide. 

Pa  +05    =  PgOfl,    Phosphoric  oxide. 

^^3  4-04^=  ^6304,  Ferroso-ferric  oxide. 

All  of  these  elements  bum  brilliantly  in  oxygen  when  once 
ignited ;  this  is  accomplished  in  the  case  of  zinc  and  iron  by 
attaching  the  glowing  end  of  a  match,  and  with  phosphorus  and 
carbon  by  bringing  them  in  contact  with  flame  a  moment  before 
introducing  into  the  gas.     In  the  act  of  respiration  a  chemical 
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process  is  involved,  whereby  certain  organic  constituents  of  the 
blood  are  consumed,  with  formation  of  carbon  dioxide  and 
water. 

Uses, — ^The  low  cost  at  which  oxygen  can  be  produced  by  the 
Brin  process  has  admitted  of  its  application  in  a  number  of  opera- 
tions from  which  it  has  heretofore  been  excluded.     Except  in  the 
nascent  state,  oxygen  alone  appears  to  have  no  bleaching  action, 
but  it  has  been  found  that  a  small  proportion  added  to  a  solution 
of  bleaching  powder  greatiy  increases  the  efficiency  of  the  latter. 
In  aging  spirits,  the  gas  has  been  found  effective  when  forced 
into  the  liquid  under  a  pressure  of  one  or  two  atmospheres,  and 
to  accomplish  in  a  short  time  what  usually  requires  years  by  the 
ordinary  method.    It  has  also  been  found  to  assist  in  the  removal 
of  sulphur  from  illuminating  gas  when  mixed  with  the  latter  pre- 
vious to  its  passage  over  the  lime.     Oxygen  gas  when  properly 
associated  with  hydrogen,  or  illuminating  gas,  is  used  in  certain 
metallurgical  operations  where  a  high  temperature  is  required, 
and  for  furnishing  a  brilliant  light,  as  in  the  oxyhydrogen  lantern. 
Although  frequently  tried,  the  use  of  oxygen  in  medicine  has  not 
been  attended  with  very  encouraging  results. 

PRACTICAL   EXERCISES. 

(i)  Prepare  oxygen  by  placing  a  few  crystals  of  potassium  chlorate  in  a 
dean  dry  test-tube,  adapt  a  deUver>'-tube  long  enough  to  reach  under  the 
sor^ce  in  a  vessel  near  by.  Apply  a  steady  flame,  taking  care  not  to 
allow  any  water  to  be  drawn  back  into  the  tube ;  this  may  be  accomplished 
by  taking  the  end  of  the  delivery-tube  from  the  water  before  the  flame 
is  withdrawn.  As  soon  as  bubbles  of  gas  escape  freely,  and  the  air  has 
been  expelled,  bring  a  test-tube  fllled  with  water  over  the  escaping  gas 
and  collect  it 

The  evolution  of  oxygen  is  effected  more  easily  by  mixing  with  the 
potassium  chlorate,  before  heat  is  applied,  about  one-fourth  its  weight  of 
oianganese  dioxide. 

(2)  Apply  a  lighted  taper  to  a  tube  full  of  oxygen,  the  gas  will  not  burn. 
Plunge  the  taper  into  the  gas  and  it  will  bum  with  greatly  increased 
^nergy.  Extingubh  the  flame,  leaving  a  glowing  spark,  and  again  plunge 
into  the  gas,  the  taper  will  be  re-ignited.  These  experiments  indicate  the 
pon-combusrtibility  of  oxygen  under  ordinary  circumstances,  but  show  that 
^^  8  an  active  supporter  of  combustion. 

(3)  A  piece  of  glowing  charcoal  is  lowered  into  the  gas ;  a  rapid  com- 
^'^^tion  ensues  and  the  charcoal  disappears.  Pour  some  lime  water  into 
^  tube,  agitate  well ;  a  white  precipitate  of  calcium  carbonate  is  pro- 
"**ced.  If  Uiis  be  tried  with  oxygen,  previous  to  the  burning  of  the  char- 
coal, BO  precipitate  will  be  formed.  A  number  of  other  substances,  as 
phosphorus,  sulphur,  and  iron,  will,  when  once  ignited,  burn  in  oxygen 
^  great  brilliancy. 
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Biacory. — ^Tnis  pecniiar  inh?gance  was  iiist  noticed  hy  Van 
3iCsknim,  in  17^5,  in  pagfmg:  dectric  :^»cks  dirou^  oxfg^n^  of 
which  ic  jppeara  do  be  only  x  modmcacxon^  Scfaoobem,  in 
1.^^40.  gs^ve  it  die  name  Ozamt^  ircun  GredL  JCw»  sg^mfying 
••  I  imdL  ' 

Ocruf  f*^"^*^ — Oxone  a  obixnd  in  mirmfr  qusoitities  in  the  at- 
mosphere which  is  remote  ODm  large  dtiesw  and  is  e^)ecially 
nodceabie  alter  a  diander-tsoorm.  It  is  also  supposed  to  be  pro- 
duced by  the  j^rowth  or  plants. 

Preparatxofi.— 1  r)  Ozone  s  evolved  at  the  positive  pole  in 
die  eiectroiysis  of  water  aocfined  with  salpharic  and  chromic 
ackia.  '  2 .  Ic  is  also  ibrmed  by  the  raletrt  cfischarge  of  electricity 
through  ^  or  oxyg^en.  For  this  purpose  a  Siemens*  ozonizing 
tube  is  employed.  •  3  j  When  phosphorus  is  allowed  to  slowly 
oxidize  in  the  air.  This  is  best  accomplished  by  standing  two 
or  three  sticks  of  phosphorus  on  end  in  a  cfish  containing  a 
shallow  layer  of  water,  so  that  they  are  about  ooe-half  im- 
mersed in  the  liquid.  A  stoppered  bell-jar  is  then  placed  over 
the  whole,  and  very  soon  ozone  may  be  detected  by  the  appro- 
priate tests. 

It  Is  difficult  to  obtain  a  definite  volume  of  ozone,  since  it  is 
always  mixed  with  air  or  oxygen,  but  it  may  be  accomplished 
by  passing  the  mixture  of  ozone  and  oxygen  firom  a  Siemens' 
apparatus  through  a  tube  cooled  with  liquid  oxygen  to  — 181®, 
when  the  ozone  separates    as    a    steel-blue  liquid,   boiling  at 

—  Io6^ 

Properties. — Ozone  is  a  colorless  gas  with  a  peculiar,  irritating 
odor.  It  fKjssesses  very  active  oxidizing  powers,  attacking  most 
organic  matter,  and  oxidizing  many  of  the  metals,  like  mercury 
and  silver.  It  liberates  iodine  from  potassium  iodide,  and  this 
prop(rrty  is  turned  to  account  in  the  following  test :  Paper  is 
saturated  with  solutions  of  potassium  iodide  and  starch,  and  then 
dried.     This  paper  becomes  blue  in  the  presence  of  a  trace  of 
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oione.  Of  course,  chlorine  and  the  higher  oxides  of  nitrogen 
must  be  avoided. 

At  a  temperature  of  237®  ozone  is  converted  into  ordinary 
oxygen  ;  this  change  takes  place,  though  slowly,  at  much  lower 
temperatures. 

Composition. — It  has  been  shown  in  several  ways  that  ozone 
is  an  allotropic  form  of  oxygen,  in  which  three  atoms  combine 
to  form  a  molecule  instead  of  two ;  consequently,  in  its  forma- 
tion three  volumes  of  oxygen  condense  and  form  two  volumes 
of  ozone. 

The  preparations  known  as  "ozonized  water,"  **pyrozone,'' 
are  mainly  solutions  of  hydrogen  peroxide  (see  p.  174). 

Uses. — Various  uses  have  been  suggested  for  ozone,  chiefly 
in  the  industrial  process  of  bleaching.  It  has  also  been  used  as 
a  disinfectant  and  somewhat  as  an  oxidizing  agent  in  industrial 
processes. 

OXYGEN   AND   HYDROGEN. 

These  elements  combine  in  two  proportions  : 

Hydrogen  monoxide,  or  Water,  H,0. 
Hydrogen  dioxide,  H^Or 

WATER. 

Fifrmula,  HsO.  Molecular  Weighty  17.96. 

History. — ^When  Cavendish,  in  1766,  discovered  hydrogen, 
it  opened  the  way  for  breaking  down  the  ancient  belief  in  the 
elementary  nature  of  water.  This  he  followed  up  by  exploding  a 
mixture  of  hydrogen  and  air  with  the  electric  spark,  and  suggest- 
ing that  hydrogen  and  oxygen,  in  the  proportions  of  two  volumes 
of  the  former  and  one  of  the  latter,  combine  to  form  water.  This 
was  confirmed  by  Lavoisier,  in  1783,  who  decomposed  water  into 
its  elements  and  decided  that  it  was  composed  of  one  part,  by 
weight,  of  hydrogen,  and  eight  parts,  by  weight,  of  oxygen. 
Gay-Lussac  and  Humboldt,  in  1805,  confirmed  these  experiments 
and  those  of  Cavendish. 

Occurrence. — In  addition  to  the  abundant  natural  occurrence, 
as  we  are  accustomed  to  see  it,  water  is  very  widely  distributed 
in  such  a  way  as  to  escape  casual  observation.  All  plants  and 
animals  contain  it  in  large  amount,  and  considerable  quantities 
exist  in  the  atmosphere. 

Formation. — The  simplest  method  of  forming  this  compound 
firom  its  elements,  hydrogen  and  oxygen,  and  proving  the  product 
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to  be  water,  is  to  burn  a  jet  of  hydrogen  in  air,  and  hold  over  the 
flame  a  cool  bell-jar,  which  will  immediately  become  coated  with 
a  film  of  moisture.  When  a  mixture  of  the  two  gases  is  broughi 
in  contact  with  flame,  a  violent  explosion  results.  If,  however, 
they  are  brought  together  at  the  moment  of  their  combination, 
so  as  to  prevent  explosion,  the  mixture  will  bum  with  a  ven- 
intense  heat.  The  apparatus  by  which  this  is  accomplished  is 
illustrated  in  Fig.  48,  and  it  is  known  as  the  oxyhydrogen  blow- 
pipe. The  hydrogen  is  introduced  through  the  tube  a  and  ig- 
nited at  d;  oxygen  is  then  introduced  through  c.  When  the  jet 
is  directed  against  a  piece  of  freshly-burned  lime,  we  have  the 
oxyhydrogen  lamp,  the  incandescent  lime  of  which  gives  an 
intense  light. 

Synthesis. — The  synthesis  of  water  is  accomplished  by  the 
use  of  Ure's  eudiometer  tube,  Fig.  49.  The  tube,  having  been 
filled  with  water  or  mercury,  is  connected  with  an  oxygen  supply 
and  a  definite  amount  of  this  gas  run  into  the  closed  limb  ;  in 
the  same  manner  twice  as  much  hydrogen  is  introduced,  the 
measurements  being  made  with  the  columns  of  liquid  in  the  two 
limbs  at  exactly  the  same  height.  A  small 
air-space  is  left  in  the  open  end  of  the  tube  Fig.  49. 

to  act  as  a  cushion.     The  aperture  is  then 


Fig.  48. 


S 


'pipe. 


tightly  closed  with  the  thumb,  and  an  electric  spark  passed 
through  the  mixed  gases,  by  means  of  the  platinum  wires,  which 
are  fused  into  the  dosed  end.  A  slight  flash  appears  on  the 
passage  of  the  spark,  and  immediately  suction  is  felt  by  the 
thumb.  On  removing  the  latter  carefully,  and  filling  the  open 
limb  with  the  additional  amount  of  water  necessary,  the  gases  in 
the  closed  limb  will  be  found  to  have  disappeared.  It  is,  perhaps, 
more  striking  to  explode  equal  volumes  of  the  two  gases,  when 
it  will  be  found  that  a  quantity  equal  to  one-half  of  the  oxygen  in- 
troduced remains,  which  may  easily  be  proved  to  be  that  gas  by 
applying  a  glowing  taper. 
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Fig.  50. 


Analgia. — For  the  purpose  of  determining  the  composition 
of  water  by  analysis,  the  apparatus  illustrated  in  Fig.  50  is  best 
adapted.  The  tubes  are  filled  with  water,  to  which  a  little  sul- 
phuric add  has  been  added  to  make  the  liquid  a  better  conductor 
y[  electricity.  On  attaching  the  wires  from  the  opposite  poles 
>f  a  battery  of  two  or  more  cells,  a  steady  current  of  the  two 
jases  will  rise  in  the  two  closed  limbs  of  the  apparatus.  It  will 
be  found,  on  testing,  that  one  of  these  gases,  that  from  the 
D^^tive  electrode,  will  burn  and  otherwise  respond  to  the  tests 
for  hydrogen,  while  the  other,  fi-om  the  positive  electrode,  will 
Ignite  a  glowing  taper  and  show  the  other  tests  for  oxygen. 
The  hydrogen,  it  will  also  be  noticed,  occupies  just  twice  the 
space  filled  by  the  oxygen. 

Properties. — Pure  water  is  an  odorless  and  tasteless  liquid. 
In  small  quantities  it  is  colorless,  but  in  larger 
volume  it  has  a  bluish  color.     On  cooling  the 
^ter  to  o®,  it  solidifies,  or,  rather,  crystallizes, 
in  the  hexagonal  system  ;  on  the  application 
of  heat,  it  boils  at  100®  under  the  ordinary 
atmospheric    pressure  of  760  millimeters  of 
mercury.     Water,  at  a  certain  temperature, 
afibrds  an  exception  to  the  rule  that  bodies 
expand  with  heat  and  contract  on  cooling. 
At  4®  it  reaches  its    greatest    density,   and 
Wow,  to  the  solidifying  point  at  0°,  it  ex- 
pands.   On  account  of  this  peculiar  property, 
ice  floats  on  water  instead  of  sinking,  as  it 
otherwise  would. 

The  specific  gravity  of  water  at  its  greatest 
^Icnsity,  4®,  b  i.ooo,  and  at  o®  it  is  0.99987. 
The  melting  temperature  of  ice  is  quite  con- 
stant, but  under  certain  conditions,  for  instance, 
underpressure,  the  freezing  may  not  take  place 
^til  several  degrees  below  zero  have  been 
'^ed  The  boiling  point  of  water  bears  a 
^^onstant  relation  to  the  pressure.  Under  one  atmosphere  (the 
ordinary  pressure)  the  boiling  point  is  constant :  the  application 
^  more  heat  only  causes  the  liquid  to  boil  faster,  but  does  not 
*>*ct6ase  its  temperature.  When,  however,  the  liquid  is  con- 
fined under  a  pressure  of  two  atmospheres,  the  temperature 
^  rise  on  the  application  of  heat  to  120.6®,  when  boiling  will 
commence. 


Electrolytic  decom- 
position of  water. 


I/O 
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The  following  table  gives  the  temperature  at  which  water  boils 
under  an  increase  of  pressure : 


Pressure  in 
atmospheres. 

I 

2 

Boiling 
point. 

lOO® 

I20.6<> 

Pressure  in 
atmospheres. 

6 
8 

3 
4 

133.9^ 
1440 

10 
25 

Boiling 
point. 

159^ 
170.8® 

180.3® 

224.7® 


Below  the  ordinary  boiling  point  of  water  the  pressure  is  best 
expressed  in  millimeters  of  mercury,  as  follows : 


Pressure  In 

Boiling 
point. 

Pressure  In 

millimeters 

millimeters 

of  mercury. 

of  mercury. 

760.000 

100® 

17.391 

525.450 

90® 

12.699 

354.280 

80® 

9.165 

233-093 

70® 

6.534 

148.791 

60® 

4.600 

91.982 

50® 

2.093 

54.906 

40® 

0.927 

31-548 

30^ 

Boiling 
point. 

20® 

15^ 
10® 


—10' 
— 20« 


Water  combines  with  many  bodies  with  considerable  energy. 

Of  these  the  most  striking  are  certain  basic  oxides,  as  potassium 

oxide,  K,0,  and  calcium  oxide,  CaO,  which  form  hydrates  as 

follows : 

KaO    -f-    HaO    =    2KOH, 

CaO    -h    HgO    =    Ca(OH)a. 

With  certain  acid  oxides  it  combines  energetically  to  form 
acids,  as  follows : 

SOa    -h     HaO     =     HaSO^. 
PaOft    4-    3HaO    ==    2H8PO4. 

In  all  these  cases  considerable  heat  is  developed. 

Water  is  a  very  stable  compound,  withstanding  a  temperature 
of  1000°  ;  above  this  point,  dissociation  takes  place.  Some  ele- 
ments, like  potassium  or  calcium,  decompose  it  with  evolution  of 

hydrogen  : 

Ka    -f-    2HaO    =    2KOH     +     H^. 

Some  metals  decompose  it  at  the  ordinary  temperatures  with- 
out exhibiting  much  energy  in  the  form  of  heat ;  this,  however, 
is  due  to  the  extreme  slowness  of  the  action. 

Water  enters  into  the  composition  of  many  bodies  as  water  of 
crystallizationy  some  in  a  remarkable  degree,  as  sodium  phos- 
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phate,  Na,HP04i2H,0,  which  at  loo®  loses  all  its  water,  amount- 
ing to  60.30  per  cent.,  and  alum,  K^Ala(S04)424H,0,  which  at 
200^  loses  all  its  water,  amounting  to  45.52  per  cent. 

Water  comes  nearer  than  any  other  liquid  to  being  a  universal 
solvent,  for  which  purpose,  on  account  of  its  stable  nature,  it  is 
especially  adapted. 

The  foregoing  description  refers  to  a  pure  water  as  prepared 
by  distillation,  but  water  may  be  further  considered  under  the 
following  different  varieties : 

Distilled  water. 

Rain  water. 

Spring  and  mineral  waters. 

Sea  water. 

(i)  Distilled  Water. — Ordinarily  the  distillation  of  this  liquid 
b  accomplished  by  boiling  a  good,  natural  water  and  passing  the 
vapor  into  a  block  tin  or  glass  condenser.     The  first  portions  * 

which  come  over  contain  certain  gases  and  should  be  rejected ; 

then  a  quantity  amounting  to  about  80  per  cent,  of  the  whole 

should  be  collected  in  glass-stoppered  bottles  and  preserved  for 

use.   The  residue  in  the  still  contains  the  solid  impurities,  and 

should  be  washed  out  before  another  portion  of  water  is  put  in. 

When  thus  prepared,  distilled  water  should  possess  the  physical 

and  chemical  properties  previously  described,  and  should  leave 

no  residue  when  one  liter  is  evaporated  in  a  porcelain  or  platinum 

dish. 

Tests. — ^The  following  tests,  in  addition  to  the  evaporation  of 
some  of  the  liquid  as  above  described,  would  prove  the  absence 
of  all  probable  impurities.  A  few  drops  of  lead  acetate  solution 
should  produce  only  a  faint  turbidity,  and  when  another  portion 
«  mixed  with  an  equal  volume  of  calcium  hydrate  solution  no 
cloudiness  should  appear,  showing  the  absence  of  carbonic  acid. 
No  turbidity  should  develop,  after  some  hours'  standing,  with  a 
sroall  quantity  of  barium  chloride  solution, — absence  of  sulphuric 
acid.  No  opalescence  should  appear  on  addition  of  silver  nitrate, 
"■absence  of  chlorine.  Nitric  acid  may  be  detected  by  mixing 
ten  to  twenty  parts  of  the  water  with  one  or  two  parts  of  con- 
c^trated  sulphuric  acid  and  one  drop  of  indigo  solution  ;  the 
hlue  color  should  not  disappear  on  heating  to  100°.  From  10  to 
^c.c  of  the  water  should  give  only  a  faint  yellowish  color 
*ith  five  drops  of  Nessler's  reagent  (potassio-mercuric  iodide), 
"^ting  the  absence  of  ammonia  compounds.  Organic  mat- 
ter maybe  detected  by  adding  to  100  c.c.  of  the  water  i  c.c. 
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of  concentrated  sulphuric  acid,  heating  to  loo^,  and  adding 
a  few  drops  of  a  dilute  solution  (i-ioo)  of  potassium  per- 
manganate, when  the  red  color  imparted  by  the  latter  should 
not  be  destroyed  after  some  hours'  standing  in  a  well-closed 
vessel. 

(2)  Rain  Water. — Thb  is  the  purest  form  of  natural  water, 
provided  it  can  be  collected  without  contamination.  Under  or- 
dinary circumstances  it  becomes  impure  from  the  atmospheric 
gases,  especially  in  the  vicinity  of  large  cities ;  of  these,  carbon 
dioxide  is  the  most  abundant,  although  sulphurous  oxide  is  also 
present  in  considerable  quantity.  Rain  water  is  usually  collected 
from  roofs,  on  which  there  is  ordinarily  more  or  less  dust  and 
other  foreign  matter ;  this  renders  the  water  impure,  unless  the 
first  portions  that  fall  can  be  run  off  and  rejected.  When  properly 
collected,  rain  water  is  one  of  the  most  satisfactory  for  washing 
purposes,  but  is  rather  unpalatable  for  drinking. 

(3)  Spring  Water. — The  water-supply  of  cities  is  usually 
taken  from  lakes  or  rivers,  while  that  in  country  districts  is  taken 
from  wells  or  springs.  The  water  from  these  sources,  having 
been  in  contact  with  the  earth,  holds  in  solution  small  quantities 
of  mineral  compounds,  frequently  calcium  sulphate  or  carbonate, 
with  varying  amounts  of  organic  matter.  The  fitness  of  a  water 
for  domestic  purposes  is  usually  determined  by  the  amount  of 
organic  matter  present,  and  more  exactly  by  an  estimation  of  the 
nitrogen  of  this  organic  matter.  The  water  from  the  large  lakes 
is  considered  purest,  while  that  from  rivers  is  oflen  quite  impure 
on  account  of  sewage  contamination  from  sources  higher  up  the 
stream.  Water  from  wells  in  cities  should  never  be  used  for 
domestic  purposes  unless  it  is  taken  from  a  bored  well,  cased  in 
and  of  such  depth  as  absolutely  to  insure  its  freedom  from  sur&ce 
drainage. 

After  the  freedom  of  a  water  from  organic  matter  has  been 
established,  the  question  of  hardness  is  still  an  important  &ctor 
in  determining  its  value  for  domestic  purposes.  When  calcium 
and  magnesium  salts  are  present  in  a  water  they  form  insoluble 
precipitates  with  soap,  which  are  inconvenient  in  washing  ;  such 
a  water  is  called  hardy  and  requires  the  use  of  a  great  deal  more 
soap  in  order  to  produce  lather.  These  salts  are  usually  sulphates 
or  carbonates,  frequently  both,  the  latter  being  held  in  solution 
by  the  carbon  dioxide  present.  When  the  hardness  is  due  to 
sulphate,  it  is  said  to  be  permanently  hard,  in  distinction  fix)m 
that  which  contains  carbonates  held  in  solution  by  carbon  dioxide. 
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which  is  termed  temporarily  hard.  In  the  latter  case  it  becomes 
a  soft  water  by  simply  boiling,  whidi  drives  off  the  carbon  dioxide 
and  precipitates  the  salts  as  carbonates.  Water  is  said  to  have 
one  d^[Fee  of  hardness  when  it  contains  one  part  of  calcium 
carbonate  or  its  equivalent  in  one  hundred  thousand.  The  degree 
of  hardness  b  determined  by  agitating  the  sample  of  water  with 
a  standard  solution  of  soap  until  a  permanent  lather  is  produced. 
The  standard  solution  of  soap  is  prepared  by  agitation  with  cal- 
cium chloride  solution  of  known  strength.  ''Each  degree  of 
hardness  indicates  the  destruction  and  waste  of  twelve  parts  of 
the  best  hard  soap  by  one  hundred  thousand  parts  of  water." 
(Frankland.) 

Mineral  Waters  may  be  considered  a  class  of  spring  waters, 
since  they  are  found  either  in  springs  or  wells.  When  a  water 
contains  so  mudi  mineral  or  gaseous  matter  as  to  render  it  unfit 
for  domestic  use,  it  usually  becomes  more  or  less  valuable  for 
medicinal  purposes.  Such  waters  are  often  designated  by  the 
dmracter  of  their  most  important  medicinal  constituent.  There- 
fore we  have  the  following  varieties  : 

Qarhanaied  waters,  which  contain  carbon  dioxide  in  consider- 
able quantity,  often  holding  in  solution  calcium  and  magnesium 
carbonates.  Such  waters  often  effervesce  on  coming  to  the 
sur&ce.  The  Waukesha  water,  from  Waukesha,  Wisconsin,  is 
an  example  of  this  class. 

Sulphur  waters  contain  hydrogen  sulphide,  and  deposit  sul- 
phur on  exposure  to  the  atmosphere.  Sometimes  both  sulphu- 
retted hydrogen  and  carbon  dioxide  are  present  in  the  same 
water.  Richfield  Springs,  New  York,  and  White  Sulphur 
Springs,  West  Virginia,  belong  to  this  class. 

Alkaiine  waters  usually  contain  considerable  quantities  of 
sodium  bicarbonate  with  the  sulphates  of  sodium  and  magnesium. 
The  ApoUinaris  water  of  Neuenahr,  Prussia,  and  the  Capon 
Springs,  West  Virginia,  are  examples  of  this  class. 

UMa  waters  firequently  do  not  contain  any  notable  amount  of 
inineral  substance,  but  include  small  quantities  of  lithium  car- 
l^onate  or  chloride.  The  Vichy  water  fi^om  Vichy,  France,  is  an 
Qtample. 

Saline  waters  contain  relatively  large  proportions  of  magne- 
^  and  sodium  sulphates  with  sodium  chloride.  The  waters 
of  Saratoga  Springs,  New  York,  and  of  Kissingen,  Bavaria,  are 
^3Umples  of  general  saline  waters.  Those  of  Carlsbad,  Bohemia, 
^  Bedford,  Pennsylvania,  are  special  magnesium  waters. 
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Siliceous  waters  contain  small  quantities  of  alkaline  silicates, 
and  are  represented  by  the  hot  springs  of  the  Yellowstone  Park 
and  Iceland. 

Chalybeate  waters  have  iron  as  a  constituent  held  in  solution 
by  carbon  dioxide,  and  consequently  deposit  iron  as  a  hydrate 
or  oxide  on  exposure  to  the  atmosphere.  The  waters  of  Pyr- 
mont,  Germany,  and  numerous  American  springs  belong  to  this 
class. 

A  number  of  saline  waters  are  so  rich  in  certain  chemical  com- 
pounds as  to  constitute  an  important  source  of  these  substances, 
notable  examples  being  the  salt- wells  of  Pennsylvania,  Ohio,  and 
West  Virginia,  whose  waters  furnish  sodium  chloride,  bromine, 
and  iodine. 

4.  Sea  Water. — This  water  contains  on  an  average  3. 50  per 
cent,  of  mineral  substance.  Sodium  chloride  constitutes  2. 64  per 
cent. ,  and  the  remainder  consists  chiefly  of  magnesium  chloride 
and  sulphate  and  calcium  sulphate.  The  specific  gravity  of  sea 
water  is  1.027  21  at  zero. 

HYDROGEN  DIOXIDE. 

Farmula^  HtOt.  Molecular  iVeight^  33.92. 

History  and  Preparation.— In  1818,  Th^nard,  on  treating 
barium  dioxide  with  diluted  hydrochloric  acid,  obtained  this  com- 
pound  according  to  the  following  reaction  : 

BaOa        -h        2HCI       =       BaCla        -f        HaO,. 

Barium  Hydrochloric  Barium  H^'droren 

Dioxide.  Acid.  Chloride.  Dioxide. 

It  may  also  be  prepared  by  passing  a  stream  of  carbon  di- 
oxide into  water,  and  adding  barium  dioxide  in  small  quanti- 
ties at  a  time : 


BaOa 

+ 

COa 

+ 

HjO 

=       BaCOg 

+ 

H,0» 

Barium 

Carbon 

Water. 

Barium 

Hydrogen 
-Dioxide. 

Dioxide. 

Dioxide. 

Carbonate. 

Hydrogen  dioxide  is  formed  when  a  jet  of  burning  hydrogi 
impinges  on  the  surface  of  water.     A  portion  of  the  product 
dissolved  in  the  liquid.     In  the  preparation  of  hydrogen  dioxi< 
on  a  large  scale,  hydrofluoric  acid  is  employed  : 


BaO, 

+        2HF        — 

BaFa 

+ 

iiaOg. 

Barium 

Hydrofluoric 

Barium 

Hydrogen 
Dioxide. 

Dioxide. 

Acid. 

Fluoride. 

The  barium  fluoride,  being  insoluble,  is  allowed  to  subside, 
the  supernatant  liquid,  when  decanted,  is  ready  for  use. 
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Strengths,  according  to  the  volume  of  oxygen  that  a  certain 
volume  of  the  solution  will  yield.  That  in  which  one  vol- 
ume will  yield  ten  volumes  of  the  gas  is,  perhaps,  most  in 
demand. 

The  solution  rapidly  deteriorates  on  exposure  to  air  and  sun- 
light, and  various  methods  have  been  adopted  for  preserving  it 
The  decomposition  is  more  rapid  in  alkaline  solution.  In  some 
cases  it  is  preserved  with  boric  acid  and  glycerin. 

Tests. — One  of  the  readiest  methods  of  detecting  hydrogen 
dioxide  is  by  the  use  of  a  paper  moistened  with  solutions  of  po- 
tassium iodide  and  starch.  It  has  been  proposed  to  use  this 
paper  for  quantitative  purposes,  by  noting  the  depth  of  color  and 
comparing  with  that  produced  on  a  similar  paper  which  has  been 
acted  on  by  a  solution  of  known  strength.  The  special  value 
of  this  test  is  that  the  reaction  takes  place  in  the  presence  of 
ferrous  sulphate.  Other  oxidizing  agents  have  the  power  to 
liberate  iodine  from  potassium  iodide,  but  not  in  the  presence  of 
ferrous  sulphate.  Another  qualitative  test  consists  in  acidifying 
the  solution  slightly  with  sulphuric  acid,  adding  ether,  then  a  few 
drops  of  potassium  chromate  solution,  and  agitating  the  mixture. 
A  blue  color  is  developed,  and,  on  allowing  to  stand,  the  ether 
separates  as  a  deep-blue  layer,  the  color  of  which  is  due  to  per- 
chromic  acid. 

One  of  the  best  known  methods  of  quantitatively  determining 
hydrogen  dioxide  is  based  on  the  following  reaction  with  potas* 
sium  permanganate : 

KaMnaOs  +  3H8SO4  -f  HaO,  =  KjS04  +  2MnS04  +  4HaO  -f  30,. 

A  standard  solution  of  the  permanganate  is  run  into  a  definite 
quantity  of  the  dioxide  solution  until  a  permanent  pink  color  is 
produced.  Every  molecule  of  the  permanganate  used  represents 
one  molecule  of  the  hydrogen  dioxide ;  or  the  permanganate 
may  be  added  in  excess  and  the  volumetric  solution  of  oxalic 
acid  run  in  until  the  pink  color  disappears. 

Another  process  that  has  been  used  with  considerable  success 
consists  in  measuring  the  volume  of  oxygen  evolved  when  hydro- 
gen dioxide  and  bleaching  powder  solution  are  mixed.  One- 
half  of  the  oxygen  evolved  comes  from  the  hydrogen  dioxide^ 
according  to  the  following  reaction  : 

Ca(OCl)a    +    aHaOj    =    CaCI.    +    20^    +    aH^O. 


CiLcniie  -r  m* —  --      I 

Chlorine  >r:zzi:=    1_ 


Chicrzr  jzi 


Irani  ae  •^^"—    —   ■ 


spoBC3^ i:  ri=  T3S-    ::_n:-rr      -•    j..-      _--  -c 


i. 


pcntr» 


The  ras  i&  rj 
«4irrtse=L-ju= 


•  ■  — 

slightei 


°>oooxide  into  water : 


.V    • 
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HgO 

-h 

2Clt 

-f 

HgO       = 

=       HgCl, 

Mercuric 

Chlorine 

Waler. 

Mercuric 

Oxide. 

Chloride 

(2)  On  agitating  chlorine  gas  with  mercuric  oxide  and  water  : 

H-       2HCIO. 

Hypocbloroos 
Acid 

The  solution  is  then  distilled. 

(3)  On  slowly  adding  a  dilute  mineral  acid  to  a  clear  solution 
of  bleaching  powder,  in  just  sufficient  amount  to  decompose  the 
hypochlorite  present,  hypochlorous  acid  is  iormed.  A  5  per 
cent,  solution  of  the  acid  is  recommended  as  the  best  for  this 


purpose : 


Ca(OCl)a 

Calcium 
Hypochlorite. 


-h 


2HNO8 

Nitric 
Acid. 


Ca(NO,), 

Calcium 
Nitrate. 


-h        2HCIO. 

Hypochlorous 
Acid. 


Properties. — ^The  dilute  acid  is  colorless,  but  when  more  con- 
centrated it  has  a  yellowish  shade.  When  very  dilute  it  can  be 
distilled  without  decomposition.  The  concentrated  solution  is 
•easily  decomposed  into  chlorine,  chloric  acid,  oxygen,  and  water. 
The  acid,  as  well  as  its  salts,  possesses  a  strong  oxidizing  and 
bleaching  action.  Charcoal,  iodine,  sulphur,  phosphorus,  arsenic, 
and  antimony  are  rapidly  oxidized  when  brought  in  contact  with 
the  acid,  and,  if  the  latter  be  concentrated,  with  explosive  vio- 
lence, forming  carbonic,  iodic,  sulphuric,  phosphoric,  arsenic,  and 
antimonic  acids.  Iron  filings  are  immediately  oxidized,  when 
brought  in  contact  with  the  acid,  with  evolution  of  chlorine. 
Copper  and  mercury  under  similar  circumstances  are  converted 
into  oxychlorides. 

Hypochlorites. — The  sodium  and  calcium  salts  of  this  acid 
are  the  best  known  ;  the  former  is  the  important  constituent  of 
Labarraque's  solution,  and  the  latter  of  bleaching  powder.  This 
bleaching  powder,  or  chlorinated  lime»  is  produced  in  enormous 
quantities  from  the  chlorine  prepared  from  the  waste  hydrochloric 
acid  of  the  Leblanc  soda  process,  and  is  used  extensively  for 
bleaching  and  oxidizing,  also  as  a  ready  and  cheap  source  for 
chlorine  in  many  smaller  operations. 


CHLORINE  TRIOXIDE,  CHLOROUS  OXIDE,  Cl^O.. 

Preparation. — (i)  Four  parts  of  potassium  chlorate  and  three 
parts  of  arsenous  oxide  are  mixed  with  sufficient  water  to  form  a 
paste  ;  this  is  then  warmed  to  60°  with  a  mixture  of  twelve  parts 
of  nitric  acid  fsp.  gr.  1.33")  and  four  parts  of  water.  The  reaction 
is  best  considered  in  two  stages,  as  follows  : 
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KCIp,  -I-  As,Oa  +  3HNOs  =  HCIO.  +  As^Oe  +  NjO.  +  H.O  +  KNO.. 

Potassiam  Araenoos        Nitric  Chloric       Arsenic    Nitrogen    Water.   Potassium 

Chloiate.      Oxide.  Acid.  Acid.  Oxide      Trioxide.  Nitrate. 

aHClOs       4        NgOs       =       Cl,Os       +       2HNOs. 

Chtoric  Nitrogen  Chlorine  Nitric 

Acid.  Trioxide  Trioxide.  Acid. 

(2)  A  mixture  of  arsenous  oxide,  potassium  chlorate,  and  sul- 
phuric acid  which  has  been  diluted  with  half  its  volume  of  water, 
evolves  chlorine  trioxide  with  some  violence,  according  to  the 
following  reaction : 

AsjOs  -h  2KCIO8  +  2HaS04  +  2HaO  =  2KHSO4  +  2H8ASO4  +  ClaOg. 

Arsenous    Potassium       Sulphuric       Water.  Acid  Arsenic         Chlorine 

Oxide         Chlorate  Acid  Potassium  Acid.         Trioxide 

Sulphate. 

Some  other  processes  in  which  certain  organic  compounds, 
as  sugar  or  benzene,  replace  arsenic  have  been  suggested.  All 
methods  for  the  preparation  of  this  compound  must  be  carried 
out  with  the  greatest  care,  as  a  little  too  much  heat  may  cause 
dangerous  explosions. 

Properties. — Chlorine  trioxide  is  a  yellowish-green  gas  with 
a  very  irritating  odor.  Thb  gas  b  easily  condensed  to  a  red- 
hrown  liquid,  which  explodes,  on  the  slightest  provocation,  with 
great  violence. 

CHLOROUS  ACID,  HCIO,. 

Preparation. — This  acid  is  formed  when  chlorine  trioxide 
is  passed  into  water  : 

ClaOg    +     HgO    =    2HC10a. 

The  yellowish  solution  possesses  weak  acid  properties,  is  unable 
to  decompose  carbonates,  but  combines  with  hydrates  forming 
cklcriUs.  These  salts,  as  well  as  the  acid  itself,  are  very  easily 
decomposed,  especially  in  the  presence  of  organic  matter,  and 
therefore  they  possess  active  bleaching  properties. 

CHLORINE  PEROXIDE,   Ci^O^. 

Preparation.— Chlorine  peroxide  is  prepared  by  adding  pow- 
dered potassium  chlorate  to  sulphuric  acid  in  a  retort,  and  after 
solution  has  taken  place  gently  warming  and  collecting  the  heavy 
R^  by  displacement : 

sKaOj    +    2H8SO4   =    KCIO4    +    2KHSO4    +    HgO    +    Cla04. 

?2[*tt«om  Sulphuric  Potassium  Acid  Water.  Chlorine 

^'orate.  Acid.  Perchlorate.  Potassium  Peroxide 

Sulphate. 

With  this,  as  with  all  other  compounds  of  chlorine  and  oxy- 
8^1  great  care  must  be  exercised  to  prevent  explosion.     When 


L^.. 


IM 


.   I 


Ito 


CHEMISTRY  OF  THE  NON-METALS. 


an  aqueous  scludoc  of  the  gas  b  desired,  a  mixture  of  potas^om 
chlonice  dnd  exilic  acid  is  heated  to  70^,  and  the  mixed  chloriiK 


pen>\x:ce  anc 

water  : 


boc  dicxi 


passed 


'2x^:\:  Pi7tu>:a3i  Water.  Carbon 

A«::a.  Oaalace  Dioxide. 


— Cilcnne  peroxide  ts  a  heavy,  greenish-ydlov 
^as,  w:th  a  :?trjr:j^:.  irrmrTg  c<icr.  On  exposure  to  a  freezing 
:ii:.\ranf  :t  crrniienses  :r  a  dark-red  liquid,  which  boils  at  9^  and 
A'»iiiiitttrs  at  — •^;'.  It  is.  pcrbiips.  the  most  dangerous  of  all  the 
o.x-.ces  of  -^lorne.  js  x  reacilv  decomposes,  forming  one  volume 
01'  chicrnc  anc  rvc  vclunes  01'  oxygen.  Many  organic  sub- 
sTanctrs  >*he!i  ZTJught  i:i  ocrrart  with  the  gas,  are  inflamed 
W'lsTrt  viii^Jclv^  in  waKT  it  irnrzs  a  ydlow  solution,  which  does 
!K*t  apLHrar  lo  have  aoivi  rr:cert:es.  since  on  arfHing  an  alkali  to 
:hc  soiucoii  a  2:ji.r.:n;  ci"  chlcrre  and  dilorate  is  formed. 


CHLORIC  ACID.  HQO^ 
This  ao.c  Is  ..*r!v  iTcwr:  in  scliiricc  and  in  combination  with 

Prcparaticc. — Barru-T:  *hlcnrs  is  decomposed  by  the  equiva- 

1  .  «       .      .  •    ^^        -  ■ 

Kkikf     .«ll>    »?"*V        *i         '•    ••»>^»     ^*    •«'*«-^.»      l."*»^    * 


i^i 


"•^i  ■s 


^1  ^ 


l\    =    BaSO^    •    2HCK)j 


Chloric 


I'V*  >Sc.i:  :v;u  c  >  jecart:-d  r-:rn  ihe  precipitated  barium  sul- 
;\Vuv  i  xi  hA .i^xr.irx^i  :t  a  -.i-r^urz  :\->a"  sulphuric  acid.  The 
^JKVNi  x\*iNv  *:t  Uxxi  sviurv:^  ,.rci^.-:jirle  by  this  method  contains 


*s*  :v*  sV«?:   xN  >•  i^.^      0"  irtrt-ir  ,--£:o^!:3^rion  it  decomposes 
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-  2HCIO,. 
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Acid. 
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rated,  when  the  excess  of  hydrofluosilicic  acid,  combining  with 
^e  added  silica,  passes  off  as  silicon  tetrafluoride,  and  the  ex- 
cess of  silica  settles.  The  solution  of  chloric  acid  may  now  be 
decanted  pure.  The  acid  containing  40  per  cent,  of  water 
corresponds  to  the  formula  HClOg-yHgO. 

Properties. — When  of  the  above  strength,  chloric  acid  is  a 
syrupy  liquid,  almost  colorless,  and  of  a  faint  chlorous  odor.  It 
lias  a  powerful  acid  reaction,  and  in  other  chemical  properties 
f-esembles  nitric  acid.  It  decomposes  organic  matter  with  evolu- 
-rion  of  heat  and  light  Sulphur  and  phosphorus  are  inflamed  on 
croming  in  contact  with  it 

Chlorates. — Chloric  acid  is  monobasic,  and  its  salts  are  called 
<rlilorates.  The  potassium  and  sodium  salts  are  ofhcial  under  the 
-titles  Potassii  Chloras  and  Sodii  Chloras.  The  chlorates  are 
a^I  soluble  in  water.  Potassium  chlorate,  which  is  soluble  in  16.5 
I>arts  of  water,  is  one  of  the  most  insoluble  of  the  potassium 
salts,  while  sodium  chlorate  requires  only  i.i  parts  of  water  to 
^flect  solution.  When  a  hot  concentrated  solution  of  a  hydrate 
*s  saturated  with  chlorine  the  result  is  a  chloride  and  a  chlorate, 

follows : 

^KOH       -f 


**yclrate. 


3Cla       =       5KCI       -f        KClOa       +       aHjO. 

Chlorine.  Potassium  Potassium  Water. 

Chloride.  Chlorate. 

M^hen,  however,  a  cold  dilute  solution  of  the  alkali  is  used,  a 
hypochlorite  is  formed  instead  of  a  chlorate,  according  to  the 


lowing  reaction : 
aKOH       + 


(lum 
Hydrate. 


ci. 

Chlorine. 


KCl       + 


Potassium 
Chloride. 


KCIO 

Potassium 
Hypochlorite. 


+ 


HaO. 
Water. 


On  the  commercial  scale  potassium  chlorate  is  prepared  by 
chlorine  into  boiling  milk  of  lime,  and  to  this  is  added 
proper  proportion  of  potassium  chloride,  when  double  decom- 
I^osition  takes  place  with  formation  of  calcium  chloride  and  po- 
iiura  chlorate.     Calcium  chloride  is  very  soluble,  while  the 
soluble  potassium  chlorate  crystallizes  out : 


«:a(0H)8     4-     6Clt     =     sCaCl,     + 

Calcium     *  Chlorine.  Calcium 

Hydrate.  Chloride. 


Ca(C108)a 

Calcium 
Chlorate. 


Ca(CIO,), 

Calcium 
Chlorate. 


-f         2KCI         =         CaClt 

Potassium  Calcium 

Chloride.  Chloride. 


-h 


+      6HaO. 

Water. 


2KCIO8. 

Potassium 
Chlorate. 


A  recent  improvement  substitutes  magnesium  oxide  or  hydrate 
^  Bme,  and,  after  concentrating  the  solution  of  mixed  chlorate 


1 82  CHEMISTRY  OF  THE  NON-METALS. 

and  chloride  to  72°  Tw.,  reducing  the  temperature  to  — 17®. 
The  refrigeration  causes  the  separation  of  one-seventh  more 
chlorate,  and  the  magnesium  chloride  is  available  to  be  used  as 
such,  or  reconverted  into  hydrate  to  be  used  again.  The  chlo- 
rates are  also  made  now  by  electrolyzing  potassium  or  sodium 
chlorides  and  allowing  the  nascent  oxygen  to  act  upon  the  hypo- 
chlorites first  produced.  In  this  case  the  electrolyzing  cell  must 
be  separated  by  a  porous  partition  into  a  positive  and  a  negative 
compartment,  in  the  latter  of  which  the  chlorates  form. 

The  chlorates  melt  on  the  application  of  heat,  and  then  give 
off  oxygen.  When  melted  they  energetically  decompose  such 
organic  substances  as  are  brought  in  contact  with  them.  The 
dry  chlorate  should  not  be  triturated  with  organic  matter  or 
sulphur.  Such  dry  mixtures  explode  violently  by  percussion  or 
rubbing,  and  burn  brilliantly  on  the  application  of  flame. 

Impurities  and  Tests. — Chlorides,  when  present,  are  de- 
tected by  giving  a  white  precipitate  with  silver  nitrate,  soluble  in 
ammonium  hydrate  and  insoluble  in  nitric  acid.  Nitrates  may  be 
detected  by  heating  the  solution  with  zinc  and  potassium  hydrate  ; 
in  the  presence  of  this  impurity  ammonia  will  be  formed,  which 
will  turn  red  litmus  paper  blue  and  furnish  the  other  evidences  of 
its  presence. 

Uses. — In  addition  to  their  use  in  medicine,  the  chlorates  are 
largely  employed  as  an  oxidizing  agent  in  dyeing  and  calico- 
printing  and  in  the  manufacture  of  colored  fires.  In  the  prepa- 
ration of  these  fireworks  potassium  chlorate  and  some  organic 
substance,  as  sugar,  starch,  shellac,  or  wheat  bran,  are  separately 
pulverized  and  then  intimately  mixed,  avoiding  friction  or  any- 
thing that  might  cause  ignition  or  explosion.  To  this  mixture  is 
then  added  pulverized  barium  nitrate  for  green,  strontium  nitrate 
for  red,  sodium  nitrate  for  yellow,  and  copper  oxide  for  blue. 
Sulphur  is  sometimes  an  ingredient  of  these  mixtures,  but  it 
greatly  increases  the  risk  of  spontaneous  combustion  or  explosion. 

PERCHLORIC '  ACID,  HCIO^. 

Preparation. — Perchloric  acid  is  produced  in  the  decomposi- 
tion of  chloric  acid,  but  this  is  not  used  as  a  method  of  preparing 
it.  The  process  consists  in  first  preparing  potassium  perchlorate 
by  heating  the  chlorate.  The  latter  salt,  when  heated  to  350®, 
gives  off  a  part  of  its  oxygen  and  becomes  a  past  mass  of  per- 
chlorate and  chloride. 

2KCIO8       =       KCIO4       +        KCl       4-       Oa. 
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The  pasty  mass  is  cooled,  powdered,  and  treated  with  cold 
water  to  remove  the  potassium  chloride.  The  undissolved  resi- 
due is  then  digested  with  warm  hydrochloric  acid  to  decompose 
any  chlorate  and  convert  it  into  chloride,  which  is  then  washed 
out  with  cold  water.  The  residue  which  now  remains  consists 
of  nearly  pure  perchlorate.  On  heating  the  perchlorate  in  a 
retort  with  four  times  its  weight  of  concentrated  sulphuric  acid  to 
1 10®,  pure  perchloric  acid  distils  over.  If  the  distillation  be  long 
continued,  partial  decomposition  of  the  salt  occurs,  some  water 
is  formed,  which,  distilling  over  with  the  acid,  causes  the  distillate 
to  solidify  in  a  crystalline  mass,  consisting  of  a  hydrate  with  the 
formula  HCIO^.H^O.  On  redistilling  this  solid  compound  the 
pure  acid  first  passes  over  at  203°,  and  a  compound  having  the 
composition  HCIO4.2H2O  remains  behind.  This  second  distilla- 
tion is  necessary  in  order  to  get  a  pure  acid,  since  in  the  decom- 
position of  the  first  some  of  the  sulphuric  acid  is  liable  to  be 
carried  over  mechanically. 

Properties. — Perchloric  acid  is  a  colorless  volatile  liquid, 
which  fumes  strongly  on  coming  in  contact  with  moist  air.  Its 
specific  gravity  is  1.782  at  15.5°.  It  dissolves  in  water  with  a 
hissing  noise,  and,  when  brought  in  contact  with  organic  matter, 
causes  the  latter  to  ignite.  The  concentrated  acid,  on  standing, 
even  in  the  dark,  rapidly  decomposes,  becoming  dark  yellow  to 
brown  in  color,  and  finally  explodes  with  violence.  By  carefully 
adding  water  until  crystals  form,  it  is  converted  into  the  hydrate, 
HClO^.HgO.  These  crystals  melt  at  50°,  and  are  strongly  oxi- 
dizing in  their  action.  The  diluted  acid  has  a  pure  sour  taste, 
and  reddens  litmus  paper  without  bleaching  it.  Iron  and  zinc 
dissolve  in  the  diluted  acid,  causing  evolution  of  hydrogen. 

Perchlorates. — These  are  nearly  all  quite  soluble  in  water, 
a«id  some  of  them  are  deliquescent.  The  potassium  salt  is  one 
^^  the  most  insoluble,  requiring  fifty-eight  parts  of  water  to 
dissolve  it. 

Perchlorates  are  distinguished  from  the  chlorates  by  decom- 

P<^sing  into  chlorides  at  a  higher  temperature,   by  remaining 

^n.decomposed  on  the  addition  of  hydrochloric  acid,  and  by  not 

yielding  CIO,  on  the  addition  of  concentrated  sulphuric  acid. 

*^rom  chlorides  they  are  distinguished  by  giving  no  precipitate 

^^ith  silver  nitrate,  and  fi'om  both  nitrates  and  chlorates  by  not 

decolorizing  indigo  solution    on    the  addition  of  hydrochloric 

^cid. 
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OXYQBN   AND   BROMINE. 

Unlike  chlorine,  bromine  appears  to  foim  no  stable 

oxygen ;  the  following  acids,  however,  show  a  siini 

oxy^ien  compounds  of  these  two  halogen  elements : 

Hypobromous  acid,    HBrO. 

Bromicacid,  HBrO^ 

Ferbromic  acid,  HBrOf. 

HYPOBROMOUS  ACID,  HBrO. 
Preparation.— This  compound  is  prepared  by  agitat]n^~ 
mercuric  oxide,  water,  and  bromine,  when  the  followinff      ^ 
place: 

aHgO    +    sBr,    +    H,0    =    aHBrO    +    Hgr^ 

Mercuric  Bromine.         Water.         Hypobromoui  M«S^ 

O-id*.  Acid.  Oiyt=» 

By  successive  additions  of  bromine  and  mercuric  oxide,  f3L 
be  obtained  containing  6.3  per  cent  of  the  acid.    This  so  1 
poses  under  ordinary  circumstances  on  heating,  but  in  a  \^^ 
be  dbtilled  unchanged  at  40°, 

pToperties.— The  aqueous  acid  has  a  yellow  color,  anc3 
oxidizing  and  bleaching  agent. 

The  calcium  salt  of  hypobromous  acid  has  been  prepa*'^ 
bromine  to  calcium  hydrate.  Very  little,  however,  is  knowf*  __ 
that  il  resembles  the  corresponding  salt  of  chlorine  in  its  ac*i 

BROMIC  ACID,  HBrO,. 


Preparation. — Bromic  acid  i: 
from  bromine  and  a  hydrate : 
3Br,    +    6K0H    = 


prq)ared  by  first  obtaining 


PolUB 

H>dr 


Polasi 


inide. 


1        w**--*^ 


Tite  bromate  being  less  soluble  than  the  bromide  is  easily 
from  it  by  crystallization. 

The  bromate  is  then  decomposed  by  acid.  As  n 
are  soluble,  it  is  preferable  to  take  a  base  which  forms  a 
pound  with  some  mineral  acid  ;  for  this  purpose  silver  and  borii^  ' 
have  been  recommended.  The  latter  salt  is  cheap  and  easily  d^^ 
by  sulphuric  acid,  as  follows : 

Ba(BrO,),    +    HjSO,    =        BaSO,    +    sHBrO-.* 


Veld. 


BaSO, 

Barium 
Sulphate. 


tcld. 


It  requires  some  care  to  add  the  exact  amount  of  sulphuric  ^»-' 
sary  to  precipitate  all  the  barium,  and  when  this  is  accomplish^^"" 
solution  is  decanted  from  the  insoluble  barium  sulphate. 

Properties. — The  nearly  colorless  acid  solution  cannot  be  o 
by  heat,  since  it  decomposes  at  100°  into  bromine  and  oxygw* 
evaporating  at  ordinary  temperatures  ii 


OXYGEN  AND  IODINE. 


i8s 


may  be  reduced  to  a  strength  corresponding  to  the  formula  HBrOs-yHgO. 
Further  concentration  even  at  ordinary  temperatures  causes  decomposi- 
tion.    In  many  of  its  properties  it  closely  resembles  chloric  acid. 

Xtie  bromates  are  generally  soluble  in  water,  and  are  decomposed  on 
heating.  Some  give  off  oxygen  with  formation  of  bromides,  while  others 
evolve  both  bromine  and  oxygen,  leaving  an  oxide  of  the  metal 

Perbromic  acid,  HBr04,  is  said  to  have  been  discovered,  but  sub- 
sequent investigators  have  failed  to  confirm  this. 

OXYGEN   AND   IODINE. 
One  oxide  and  two  acids  of  these  elements  are  known,  as  follows : 


Oxide. 

Iodine  pentoxide,  IsO^. 


Acids. 

Iodic  acid,  HlOa* 
Periodic  acid,  HIO4. 


IODINE  PENTOXIDE,  1,05. 

ition. — One  part  of  iodine  is  heated  with  ten  parts  of  pure  con- 
<^c»itrated  nitric  acid  until  complete  solution  takes  place  and  there  are  no 
'^^ore  fiimes  evolved.  On  evaporating  until  a  temperature  of  200**  is 
attained,  all  the  nitric  acid  is  removed  and  a  white  residue  remains.  The 
ion  may  be  best  expressed  in  two  stages,  as  follows : 


31,        4. 


loHNOs 

Nitric  Acid. 

6HIOs 

Iodic 
Acid. 


6HIOs       + 

Iodic 
Acid. 

31.0,     + 

Iodine 
Pentoxide. 


sNaO, 

Nitrogen 
Dioxide. 

3HaO. 
Water. 


+ 


2HaO. 
Water. 


es. — Iodine  pentoxide  is  a  white,  crystalline  powder,  having  a 
^^^^lic  gravity  of  4.487.  On  heating  to  300°  it  is  decomposed  into  iodine 
^^^   oxygen.     It  is  very  soluble  in  water,  and,  when  dissolved  in  an 

pUnt  to  form  a  syrupy  liquid,  the  solution  on  standing  deposits  crystals 

'.odic  add. 

IODIC  ACID,  HlOg. 
ition. — ^The  simplest  method  of  preparation  is  by  dissolving  the 


1' 
ti 


^  oxide  in  water : 

IgOa    4-    HgO    =    2HIO8. 

^^  may  also  be  prepared  from  barium  iodate  and  sulphuric  acid.    The 

is  made  by  dissolving  powdered  iodine  in  hot  concentrated  solu- 

^  cdT  potassium  chlorate,  and  adding  a  few  drops  of  nitric  acid.    After 

^rvolution  of  chlorine  has  ceased  and  the  solution  has  become  cool, 

\&  of  potassium  iodate  separate  out.    On  dissolving  this  salt  in  water 

dding  barium  chloride,  barium  iodate  separates  out  as  a  white  solid. 

is  then  decomposed  by  the  careful  addition  of  sulphuric  acid.    The 

reactions  take  place  as  follows : 
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2KCIO8 

Potassium 
Chlorate. 

2KIO8         + 

Potassium 
lodate. 

Ba(IOa),        + 

Barium 
lodate. 


+     I.     = 


Iodine. 


BaCls 

Barium 
Chloride. 

HaS04 

Sulphuric 
Acid. 


2KIO8 

Potassium 
lodate. 

BaCIOa), 

Barium 
lodate. 

BaS04 

Barium 
Sulphate. 


+        CI,. 

Chlorine. 

+         2KCI. 

Potassium 
Chloride. 


+ 


2H103. 

Iodic 
Acid. 


Iodic  acid  is  also  formed  when  chlorine  is  passed  into  water  in  which 
finely-powdered  iodine  is  suspended  : 


Iodine. 


+ 


sci. 

Chlorine. 


+ 


6HaO 
Water. 


2HIO8         +  loHCl. 

Iodic  Hydrochloric 

Acid.  Acid. 


The  hydrochloric  acid  is  removed  by  moist,  freshly-precipitated  silver 
oxide. 

Properties. — Iodic  acid  occurs  in  the  form  of  colorless,  rhombic  cr>*s- 
tals,  having  a  specific  gravity  of  4.629  at  0°.  It  is  very  soluble  in  water, 
but  insoluble  in  alcohol.  On  heating  to  170®  the  acid  decomposes  into 
iodine  pentoxide  and  water.  Organic  matter,  phosphorus,  and  sulphur 
inflame  on  coming  into  contact  with  the  acid.  Sulphurous  oxide,  sul- 
phuretted hydrogen,  and  hydriodic  acid  decompose  it  with  liberation  of 
iodine : 


2HI08 

+ 

sSOg 

+ 

4H,0 

'^ 

I.     + 

5H8SO4. 

Iodic 
Acid. 

Sulphur 
Dioxide. 

Water. 

Iodine. 

Sulphuric 
Acid. 

2HIO8 

+ 

SH,S 

=^ 

I. 

+ 

5S    + 

6HaO. 

Iodic 
Acid. 

Hydrojjen 
Sulphide. 

Iodine. 

Sulphur. 

Water. 

HIOs 

+ 

5HI 

— 

3l« 

+ 

3H,0. 

Iodic 
Acid. 

Hydriodic 
Acid. 

Iodine. 

Water. 

The  iodates  are  mostly  soluble  in  water.  On  heating,  some  of  them 
decompose  into  oxygen  and  an  iodide,  while  others  give  off  both  oxygen 
and  iodine,  a  metallic  oxide  remaining.  The  iodates  are  detected  by 
adding  to  the  solution  a  small  quantity  of  sulphurous  acid  or  a  sulphate, 
to  liberate  iodine,  and  then  a  dilute  solution  of  starch,  with  which  the 
latter  forms  a  blue  color. 


Preparation.- 
cules  of  water, 
with  iodine : 


PERIODIC  ACID,  HIO4. 

-This  acid  is  only  known  in  the  free  state  with  two  mole- 
It  is  obtained  most  readily  by  acting  on  perchloric  add 


2HCIO4      -h      la     -h      aHjO 

Perchloric  Iodine.  Water. 

Acid. 


2HI04.2HaO      -f      CI.. 

Periodic  Chlorine. 

Acid. 


Properties. — ^This  compound  consists  of  colorless,  transparent  crystals, 
which  are  deliquescent  and  readily  soluble  in  water.  They  melt  at  133® 
to  140®,  and  on  the  further  increase  of  heat  are  decomposed  into  iodine 
pentoxide,  water,  and  oxygen. 
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SULPHUR. 

Symdol,  S.  Atomic  Weighty  31.98.  Valence,  IL 

Sulphur  was  known  to  the  ancients. 

Occurrence. — It  occurs  in  the  free  state,  mixed  with  earthy 
ina.tter,  in  the  vicinity  of  extinct  as  well  as  active  volcanoes.  Its 
existence  in  the  free  state  is  supposed  to  be  due  to  the  sulphur 
dioxide  and  hydrogen  sulphide  in  volcanic  gases,  which,  reacting 
on  each  other,  form  sulphur,  as  follows  : 

SO,    +    2HaS    =    2HaO    +    Sg. 

In  combination  sulphur  is  found,  as  sulphide,  combined  with 
iron,  lead,  zinc,  copper,  mercury,  and  some  other  metals  in 
snnaller  amount ;  as  sulphate,  combined  with  calcium  in  gyp- 
Siinci,  with  barium  in  heavy  spar,  with  magnesium  in  kieserite, 
and  with  sodium  and  potassium.  Sulphur  also  exists  in  the 
vegetable  and  animal  kingdoms,  combined  in  various  organic 
compounds,  and  in  some  mineral  waters  as  hydrogen  sulphide. 

Source. — ^The  principal  source  of  sulphur  has  always  been  the 
volcanic  districts  in  the  island  of  Sicily  and  the  other  volcanic 
regions  that  border  the  Mediterranean. 

In  recent  years  very  large  deposits  have  been  found  in  the 
United  States.     A  large  mine  is  worked  near  Santa  Barbara,  in 
California.     Two  hundred  miles  south  of  Salt  Lake  City,  at  Cove 
Springs,  Utah,  a  deposit  of  sulphur  exists  two  thousand  feet 
square  and  of  unknown  depth  ;   shafts  have  been  sunk  to  the 
depth  of  sixty  feet  without  reaching  the  bottom.     This  sulphur 
is  free  from  antimony  and  arsenic.     The  annual  output  in  Utah 
and  Nevada  amounts  to  several  thousand  tons.     The  cost  of 
transportation  is  the  greatest  obstacle  to  our  obtaining  all  our 
sulphur  from  these  sources.    The  exportation  from  Sicily  amounts 
to  about  200,000  tons  annually.     In  1892  the  United  States  con- 
sumed 100,721  tons  of  Sicilian  sulphur  and  1825  tons  of  the  Amer- 
*can  product.     In  addition  to  this,  there  were  used  210,000  tons 
^f  imported  pyrites,  containing  43  per  cent,   of  sulphur,  and 
^^9.000  tons  of  American  pyrites,  containing  44  per  cent,  of 
sulphur. 

In  addition  to  the  above  sources,  sulphur  is  found  in  Iceland, 
Mexico,  Central  America,  and  the  Sandwich  Islands.  Volcanoes 
^  all  these  places  either  are  or  have  been  the  cause  of  the  de- 
posit. In  Mexico  the  sulphur  is  hoisted  in  buckets  from  the 
crater  of  Popocatapetl. 
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Extraction  and  Purification. — The  sulphur  earth  and  masses 
of  ore  are  piled,  with  a  small  amount  of  fuel,  in  heaps  over  de- 
pressions in  the  earth.  The  heaps  are  then  ignited ;  the  sulphur 
melts,  runs  down,  and  is  collected  from  the  hollow  beneath. 

Only  about  one-third  of  the  sulphur  is  saved  by  this  means, 
the  other  two-thirds  being  consumed  in  heating.  This  process 
has  been  modified  from  time  to  time,  so  as  to  decrease  the  loss. 
One  of  these  modifications,  shown  in  Fig  51,  consists  of  a  fur- 
nace of  mason-work,  with  an  inclined  bottom.  When  the  ore  la 
filled  in,  i.  number  of  channels  are  left  to  assist  in  the  distribution 

Fig.  51. 


of  the  heat,  and  over  the  top  of  all  is  placed  a  layer  of  powdered 
ore  and  then  a  layer  of  the  burnt  ore.  The  pile  is  then  ^ited 
at  the  bottom  of  the  furnace,  and  the  sulphur  running  down  the 
inclined  bottom  is  removed  at  the  mouth.  The  principal  advan- 
tages of  this  process  arise  from  the  increased  size  of  the  fijmace 
and  the  closed  bottom,  which  enables  one  to  control  the  opera- 
tion, so  that  less  sulphur  is  burned.  Some  of  these  lumaces  are 
as  much  as  10  meters  in  diameter,  and  several  weeks  are  required 
to  complete  one  charge.  The  richest  ores,  containing  30  to  40 
per  cent,  of  sulphur,  yield  as  much  as  25  per  cent,  and  the 
poorer  ones,  containing  20  to  25  per  cent,  yield  10  to  15  per 
cent. 

More  recently  a  method  has  been  introduced  in  which  tbeoR 
is  placed  in  a  perforated  basket  and  then  immersed  in  : 
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of  calcium  chloride  of  such  strength  that  its  boiling  point  is  higher 
than  that  at  which  sulphur  melts,  114.5^.  Under  these  con- 
ditions the  sulphur  melts  out  from  its  ore,  and  sinks  to  the  hot- 
torn  of  the  tank,  where  it  is  drawn  off  in  a  comparatively  pure 
form. 

The  alkali  waste  in  the  Leblanc  soda  process  consists  of  calcium 
^phide.  This  product,  before  removal  from  the  leaching  vats, 
is  subjected  to  a  current  of  air  by  which  the  sulphide  is  partly 
converted  into  sulphite  and  thiosulphate.  The  mixture  is  then 
treated  with  hydrochloric  acid,  when  the  following  reaction  takes 
J3lace : 


2CsS     +     CaSjOs     -f     6HC1     — 

3CaClj| 

+     4S     + 

3H,0. 

Oalcinm              Calcium          Hydrochloric 

Calcium 

Sulphur. 

Water. 

Sulphide.       Thiosttlphate.             Acid. 

Chloride. 

A  newer  and  as  it  seems  more  satisfactory  process  is  that  of 
Chance.  The  alkali  waste  is  first  decomposed  according  to  the 
reactions : 

aCaS     +     CO,     +     HgO     =     CaCOg     +     Ca(SH)a  and 

Ca(SH)a     +     CO,     -f     HgO     =     CaCOg     +     aHaS. 

I'He  hydrogen  sulphide  gas,  mixed  with  air,  is  then  passed  over 
^xide  of  iron  at  a  low  red  heat,  when  the  hydrogen  burns  with 
^e{>aration  of  sulphur : 

HaS       -f       O       =       HgO       +       S. 

In  England  the  sulphur  is  recovered  from  the  purifiers  in  the 
Sas-works.  The  gas,  which  contains  hydrogen  sulphide,  is 
passed  over  moist  ferric  hydrate,  when  the  following  reaction 
^akes  place : 

Fei(OH)t      +      3H,S      =      2FeS      4.      S      +      6HaO. 

Ferric  Hydrogen  Ferrous  Sulphur.  Water. 

Hydrate.  Sulphide.  Sulphide. 

The  mass  is  then  exposed  to  the  air,  by  which  sulphur  is  de- 
ported, and  the  hydrate  regenerated,  as  follows  : 

2FeS      -f       3HgO      +      30      =       Fea(OH)e       +       S,. 

Ferrons  Water.  Oxygen.  Ferric  Sulphur. 

Sulphide.  Hydrate. 

The  hydrate,  mixed  with  sulphur,  is  then  exposed  to  another 
quantity  of  the  gas,  and  again  regenerated  until  the  mass  con- 
^ns  50  per  cent,  of  sulphur ;  the  latter  is  then  recovered  by 
heatii^  the  mixture. 

In  France,  Germany,  and  Sweden,  sulphur  is  largely  obtained 
by  distilling  iron  pyrites  ;  such  sulphur  is  liable  to  contain  con* 

>>denble  quantities  of  arsenic 
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The  crude  sulphur,  as  obtained  by  the  various  processes  just 
described,  contains  2  or  3  per  cent  of  impurities.  To  remove 
these  the  process  of  sublimation  is  resorted  to,  A  furnace 
similar  to  that  in  Fig.  52  is  employed.  The  crude  sulphur  is 
melted  in  the  vessel  K,  with  the  waste  heat  from  the  furnace; 
it  is  then  nin  in  small  quantities  at  a  time  into  the  retort  a,  from 
which  it  sublimes  into  the  large  chamber  M.  At  first,  while  the 
chamber  is  cool,  the  sulphur  is  deposited  in  fine  powder,  but  as 
the  whole  becomes  heated  it  melts  and  is  run  off  at  the  bottom  into 
moulds,  and  becomes  the  roll  sulphur  or  brimstone  of  commerce. 

Properties. — Sulphur  is  a  lemon-yellow,  crystalline  solid, 
odorless,  and  almost  without  taste.  It  is  insoluble  in  water, 
almost  insoluble  in  alcohol,  ether,  and  volatile  oils,  but  easily 


Fig.  5a. 


soluble  in  fixed  oils.  Its  specific  gravity  at  0°  is  2.05.  On  the 
application  of  heat  sulphur  melts  at  114.5",  ^^^  remains  liquid 
until  cooled  to  in".  The  liquid  is  straw-yellow  at  first,  but 
becomes  dark  red  and  viscid  on  gradually  raising  the  tempera- 
ture from  200°  to  250°,  when  it  is  too  thick  to  pour,  and  becom^^ 
almost  black  in  color.     A  further  increase  of  temperature  ""■t^|_ 
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the  sulphur  to  become  thin  in  consistence,  but  it  remains  dark  in 
^olor,  and  at  448.4^  it  boils  under  ordinary  pressure. 

Sulphur,  as  above  described,  exists  in  the  form  of  rhombic 

octahedra,  that  being  the  form  in  which  it  occurs  in  nature,  as 

'^dl  as  that  in  which  it  forms  from  solution  in  carbon  disulphide. 

'When,  however,  certain  conditions  are  complied  with,  sulphur 

siiay  easily  be  obtained  in  several  allotropic  modifications.     On 

lieating  it  in  a  Hessian  crucible  until  melted,  allowing  to  cool 

ixitil  a  crust  forms  on  the  surface,  and  then  quickly  pouring  out 

'tie  liquid  portion,  the  crucible  will  be  lined  with  long,  brilliant. 

transparent  crystals,  having  the  form  of  monoclinic  prisms  ;  these 

become  opaque  after  twenty-four  hours  at  ordinary  temperature, 

and  are  then  found  to  be  made  up  of  minute  rhombic  crystals. 

Monoclinic  sulphur  has  a  specific  gravity  of  1.96,  melts  at  120°, 

^d  is  soluble  in  carbon  disulphide. 

Another  modification  may  be  prepared  by  carefully  heating 

sulphur  to  330**,  and  then  pouring  in  a  thin  stream  into  water. 

The  product  in  this  case  is  an  amber-colored,  elastic  mass,  which 

may  be  drawn  out  into  threads  or  kneaded  between  the  fingers. 

This  is  called  the  plastic  variety.     It  has  a  specific  gravity  of 

1.957,  ^^d  ^s  insoluble  in  carbon  disulphide.     At  100^  it  quickly 

reverts  to  the  rhombic  variety  with  evolution  of  heat,  hence  no 

melting  point  can  be  assigned  to  it. 

An  insoluble  variety  similar  to  this  is  formed  when  hydrochloric 
add  is  added  to  calcium  pentasulphide.  Small  quantities  of  this 
insoluble  variety  are  also  fi'equently  found  in  sublimed  sulphur. 

On  heating  sulphur  in  the  air  to  about  230**  it  inflames,  com- 
bining with  the  oxygen  of  the  air  to  form  sulphur  dioxide.     In 
the  presence  of  air  and  moisture  the  finely-divided  sulphur  is 
-.dovljr  oxidized  at  ordinary  temperatures,  forming  sulphurous 
md  ndphuric  acids. 

Su^ur  combines  directly  with  many  other  non-metals,  as 
Ifdrogen,  chlorine,  bromine,  iodine,  and  phosphorus,  and  with 
most  metals. 

SULPHUR  AND   HYDROGEN. 

HYDROGEN  SULPHIDE. 

SULPHURETTED    HYDROGEN. 
Formula,  HtS.  Molecular  Weight,  33.98. 

History. — Hydrogen  sulphide  was  noticed  by  the  ancients, 
Wt  Scheele,  in  1777,  was  the  first  to  investigate  it  by  heating 
illphir  with  hydrogen. 
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OcdUTcncc. — It  occurs  in  nature  when  oif^anic  bodies  con- 
tainii^  sulphur  putrdy,  in  volcanic  gases,  and  in  many  mineral 
waters.  The  sulphur  waters  in  Virginia  are  the  most  important 
in  the  United  States. 

Preparatioii. — Hydrogen  sulphide  is  fwmed  when  a  stream 
of  h)-drogeo  is  passed  over  sulphur  heated  to  the  boiling 
poinL 

For  aD  practical  purposes,  however,  an  apparatus  amilar  to 
that  illustrated  in  F^.  53  answers  the  purpose  most  satisfactoiily. 

Fias* 


In  the  generator,  a.  is  placed  some  ferrous  sulphide,  and  to  it  ■ 
added  sulphuric  add.  previously  diluted  widt  sx  vohimes  O- 
water,  when  the  following  reacoon  takes  place . 

FeS       +        HjSO,       =       F<£Oa       +       HJ5. 

PtfToai  Snlpliiuic  Ftmm*  Hvdraan 

Salphide.  Arid.  Salplule.  Sa^diiae. 

The  gas  is  readily  e\'olved  without  the  appUcation  of  beat,  ana 
may  either  be  used  directly  or  passed  through  a  Uttle  water  in  tt 
wash-bottle  at  C  When  it  is  dedred  to  prqare  the  aohitioa  a 
the  gas  it  is  passed  into  water  in  the  flask  o. 

Ferrous  sulphide  frequently  contains  metallic  son,  in  wM^ 
case  the  i::as  will  contain  some  free  hydrogen.    Tlui  ti  laidy 
ot^cction,  but.  if  it  should  be.  then  a  pure  gas  may  be  oiiai^ 
by  treating  antimonous  sulphide  with  hydrocfakxic  add : 
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+        6HC1        =        2SbCla        +        aH^S. 

Antimonout  Hydrochloric  Antimonous  Hydrogen 

Sulphide.  Acid.  Chloride.  Sulphide. 

1*he  gas  may  also  be  prepared  by  heating  in  a  flask  a  mixture 
paraffin  and  sulphur ;  a  number  of  other  organic  substances 
3Ly  be  used  in  place  of  the  paraffin. 

^Properties. — Hydrogen  sulphide  is  a  colorless  gas  with  a  dis- 
odor  and  a  sweetish  taste.  Its  density  is  16.99.  One 
*%rolume  of  water  dissolves  4.37  volumes  of  the  gas  at  o**,  and 
3-^3  volumes  at  15®. 

IThe  solution  reddens  litmus,  and  rapidly  undergoes  change  on 
^3Cf>osure  to  air,  water  and  sulphur  being  the  result,  the  latter 
:p>arating  out.     Under  a  pressure  of  17  atmospheres  the  gas 
idenses  to  a  liquid,  which  solidifies  at  —85**.     Liquefaction 
also  be  accomplished  under  the  ordinary  atmospheric  press- 
by  passing  the  gas  through  a  tube  cooled  to  — 70*^. 
Hydrogen  sulphide  is  a  very  inflammable  gas,  burning  with  a 
r-blue  flame.     The  products  of  its  combustion  are  water,  sul- 
i\ir  dioxide,  and  sulphur,  which  is  deposited.     The  gas  is  de- 
^^^mposed  by  many  oxidizing  agents ;   chlorine,   for  example^ 
^^*^a.nges  it  immediately,  according  to  the  following  reaction  : 

HaS    +    CI.    =    2HCI    +    S. 

A  similar  reaction  takes  place  with  bromine  and  with  iodine  ; 
^*^  the  latter  case,  however,  the  reaction  is  only  possible  in  the 
F^resence  of  water..  This  is  explained  by  the  fact  that  the  reac- 
tion is  attended  by  an  absorption  of  heat,  and  unless  some- 
thing b  present  to  supply  this  loss  the  change  will  not  take 
place.  When  hydrogen  iodide  is  absorbed  by  water  heat  is 
Evolved  and  makes  up  for  the  loss  occasioned  by  the  first  part 
^f  the  operation. 

Hydrogen  sulphide  combines  with  many  metals,  decomposing 
"^eir  oxides,  hydrates,  or  carbonates.  Many  of  the  metallic  sul- 
phides possess  characteristic  colors.  This  fact  adds  to  the  value 
^^  the  gas  or  its  solution  in  chemical  analysis. 

The  solution  has  also  been  used  medicinally ;  it  is  given  in- 
fernally in  about  one-half  ounce  doses. 

The  Sulphides. — Many  of  these  compounds  occur  native,. 
^nd  after  a  proper  purification  are  ready  for  use.     When,  how- 
ever, it  is  desired  to  prepare  a  sulphide,  it  is  usually  accomplished 
\iy  lieating  together  sulphur  and  the  metal,  or  by  passing  hydro- 
ps solplude  into  a  solution  of  the  metallic  chloride.     In  some 
-^  an  alkali  is  necessary  in  ordec  to  neutralize  the  fi-ee  acid 

13 
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formed  ;  in  other  cases  the  precipitation  takes  pboe  best  in  hy- 
drochloric acid  solution. 

HYDROGEN  PERSULPHmE,  H^ 

This  compound,  which  is  the  counterpart  of  hydrogen  diowide,  exists 
in  the  form  of  a  yellow  oily  liquid.  It  is  prepared  by  boifing  together 
I  part  of  slaked  lime,  6  parts  of  water,  and  2  parts  of  soUiiiied  solphnr, 
and  pouring  the  clear  solution  into  cold  concentrated  hydrochloric 
acid.  The  heavy,  yellowish,  oily  compound  separates  and  sinks  to  the 
bottom.  It  possesses  an  odor  similar  to  that  of  hydrogen  sulphide, 
and  an  acrid,  unpleasant  taste.  It  readily  decomposes  into  hydrogen 
Hulphidc  and  sulphur.  The  most  interesting  feature  of  this  compound 
Ih  \{n  (*omt)ination  with  strychnine,  forming  a  beautiful  compomid,  having 
Iho  fornuilu  aCaiHnNflOfl  +  sHsS,. 

SULPHUR  AND   CHLORINB. 

'rttmr  rlcmcnts  combine  directly  to  form  three  distinct  compounds. 

SMlphur  Monochloride,  S9CI2,  is  formed  by  passing  dry  chlorine  over 
diy  iiMlphur.  A  reddish-yellow  liquid  is  formed,  which  may  be  rectified 
tiy  diDtllhillon.  It  has  a  specific  gravity  of  1.705,  and  boik  at  138**.  It  is 
rt  milvrnl  ol'  Hulphur  to  the  extent  of  66  per  cent,  formii^  a  thick  syrupy 
llilMlil  wh(t  I)  iH  ustnl  in  vulcanizing  rubber. 

hul|thui  Puhlorido,  SClt,  is  formed  when  dry  chlorine  b  passed  into 
litis  iMiMiiH  hltuido  at  o^  The  excess  of  chlorine  is  removed  by  pas^ng 
I  (MImiii  diii\l«lr  through  the  liquid.  The  dichloride  is  an  unstable,  dark- 
litil  lii)ui«l,  nlikwly  decomposing  at  ordinary  temperatures  into  the  mono- 
<lil(iii«)ti  ttiul  chlorine.  The  same  decomposition  takes  place  on  die 
iMhlilioii  ol  water. 

tSulphiii   leUaihloride,  SCI4,  is  prepared  bypassing  chlorine  into  the 
till  1 1  li  II  iili*  «tl  a  lein|H*mlure  of  —20®  to  — 22®.    This  is  a  mobile,  yellowish- 
liiown  Ihjttid.  wliiih  dtvomposes  as  the  temperature  rises  fi'om  — 20^ 
( U\  \\w  itililition  i»f  water  the  decomposition  takes  place  with  explosive- 
laplillty. 

SULPHUR   AND   BROMINE. 

Bromine  Moiiosulphide,  SgBfg,  is  the  only  compound  of  these  two  ele— 
nuMUs  know  11  at  tlie  present  time.     It  is  prepared  by  the  direct  union  of 
the  elements,  the  excess  of  bromine  being  removed  by  carbon  dioxide. 
It  is  a  heavy,  red  liquid,  which  is  stable  at  ordinary  temperatures,  but=. 
ilei'onH>oses  slowly  at  the  boiling  (x>int,  200®  to  210®,  into  sutphur  andL 
bromine. 

SULPHUR   AND   IODINE. 

These  two  elements  unite  in  two  proportions. 

Sulphur  Moniodide,  S,!,.  is  formed  when  the  two  elements  are  heatecft 
together  under  water,  or,  according  to  the  Pharmacopoeia,  without  water* 
in  a  loosely-stoppered  flask.     They  are  directed  to  be  first  thoroughly 
mixed  and  then  gently  heate<l  until  the  mass  becomes  of  a  uniform,  dartc 
color,  when  the  temperature  is  increased  to  the  point  necessary  to  melt 
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them.  After  cooling,  the  grayish-black  mass  is  rubbed  to  powder.  Thus 
prepared  Sulphuris  lodidum,  U.  S.'P.,  is  a  grayish-black,  crystalline  solid, 
"With  the  characteristic  odor  of  iodine,  having  a  somewhat  acrid  taste  and 
A  slightly  acid  reaction.  It  is  insoluble  in  water,  soluble  in  si?ety  parts  of 
.glycerin,  and  very  soluble  in  carbon  disulphide.  Alcohol  and  ether  re- 
wnove  the  iodine,  leaving  the  sulphur.  It  is  gradually  decomposed  on  ex- 
^X)sure  to  the  air  with  loss  of  iodine.  On  the  application  of  heat  it  melts 
^t6o^  and  at  a  higher  temperature  sublimes  with  partial  decomposition, 
^^without  leaving  any  residue.  Prolonged  boiling  with  water  removes  the 
ioline,  which  escapes  with  the  steam,  leaving  the  sulphur. 

Sulphur  Hexiodide,  Sle,  is  obtained  by  evaporating  a  solution  of  the 
irwo  elements  in  carbon  disulphide,  when  crystals  similar  to  those  of  iodine 


( 


SULPHUR  AND   OXYGEN. 

The  following  compounds  of  these  two  elements  are  known : 

Sulphur  sesquioxide,  Sfi^ 
Sulphur  dioxide,         SO,. 
Sulphur  trioxide,        SO3. 
Sulphur  heptoxide,     S^O^. 

Two  of  these,  Sfi^  and  SgO^,  are  of  interest  only  as  chemical 
compounds,  while  the  others,  SO,  and  SO3,  are  well  known  both 
in  medicine  and  in  the  arts.     They  form,  by  uniting  with  water, 
two  well-known  acids,  as  follows  : 

SOg   +   HgO   =   HjSOg,  Sulphurous  acid. 
SOg  +   HgO   =   HgSO^,  Sulphuric  acid. 

There  are  also  the  following  acids,  the  oxides  corresponding  to 
wbicb  have  not  been  discovered  : 

HgSOg,    Hyposulphurous  acid. 
HgSgOg,  Thiosulphuric  acid. 
HjSgOe,  Dithionic  acid. 
H,S,0^,  Trithionic  acid. 
HgS^Oe,  Tetrathionic  acid. 
HjSjOe,  Pentathionic  acid. 

SULPHUR  SESQUIOXIDE,  SgOa, 

"Hiboompound  is  formed  when  sulphur  is  added,  in  small  quantity  at 
&  tame,  to  sulphur  trioxide.  It  separates  as  a  dark-blue  liquid,  which 
*«fifie8  into  bluish-green,  crystalline  crusts : 

SOs    +    S    =    SaOs. 

l^Radily  decomposes  into  sulphur  dioxide  and  sulphur: 


(■  2S,Oa    =    3SOa    +    S. 
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HYPOSULPHUROUS  ACID,  H^^ 

This  compound  was  called  hydrosulphurous  acid  by  ScbtiUenbogt^ 

its  discuverer.     The  above  title,  liowever,  is  more  in  accordance  wilhib 

constitution.     It  :itiould  nut  be  confounded  with  thiasulphuric  acid,  whia 

is  sometimes  improperly  called  hyposulphurous  acid. 

Preparation. — When  zinc  is  added  to  sulphurous  acid  the  folkn)ii| 
reaction  lakes  place : 

Zn        +        H,SOa       =       ZnSOg       +        Hj.  ^J 

Zinc.  SulDhumus  Zinc  Hrdros«D.       ^Hj 

HjSOg        +        H,        =        H,SO,       +        H,0.        ^1 

Sulphurous  Kydrogcn  Hyposulphurous  Water.         ^^| 

Propertiea.^This  is  a  yellow  liquid  with  powerful  reducing  prc^enies. 
On  exposure  to  air  it  is  rapidly  decomposed,  as  follows : 


It  is  a  more  powerful  bleaching  agent  than  sulphurous  acid,  and  pre- 
cipitates a  number  of  the  metals  from  solutions  of  their  salts,  for  example! 

HgCI>     +     HaSOj     +     H,0     =     Hg    +     iHCI     +     H,S(V 

Meicuric      Urposulphuroui       Water.         Mercury.   Hydrochloric    Sulphunwi 

This  serves  to  distinguish  it  from  sulphurous  acid.  Salts  of  this  add 
have  been  formed,  which  are  true  hyposulphites.  When  sodium  bisnt 
phite  is  treated  with  zinc,  the  mixture  kept  cool,  and  air  excluded,  ibc 
hyposulphite  is  formed  according  to  the  following  reaction : 


aNaHSOg    -H    Zn    =    NaHSO,    +    Na,SOg    +    ZnSO,    +    Hift 

Sodium  Zinc.  Acid  Sodium  Sodium  Zinc  WlUr. 

BiKulpbile  Hypos  ulph  lie.  Sulphite.  Stilphile. 

The  zinc  and  sodium  sulphites  crystallize  out  as  a  double  salt,  the  soliH 
lion  is  mixed  with  four  times  its  volume  of  strong  alcohol,  by  which  the 
remainder  of  this  salt  is  removed,  and  the  solution  is  set  aside,  whm 
oystals  of  the  hyposulphite  separate.    These  should  be  dried  m  a  vacuDtn. 


SULPHUR   DIOXIDE 
Formula,  SOi.  Molccalar  Weight,  63.9a. 

History. — Sulphur  dioxide,  or  sulphurous  oxide,  was  readily 
recognized  by  the  ancients,  since  it  is  always  formed  when  svii- 
phur  is  burned  in  the  air. 

Occurrence.— It  occurs  native  as  a  volcanic  gas,  and  is  foU*^ 
in  small  quantity  in  the  air  of  large  cities,   on  account  of    'CJ 
existence  of  sulphur  in  coal. 
Preparation. — (i)  When  sulphur  is  burned  in  air  0 


)r  oxye^ 
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union  of  the  elements  takes  place  with  the  formation  of 
u.lphur  dioxide : 

S,    +    20,    =    2SOa. 

This  process  of  burning  is  used  for  nearly  all  cases  where  the 
1.S  is  made  on  a  large  scale,  as  in  bleaching  and  the  manufacture 
sulphites  and  sulphuric  acid. 

(2)  When  three  parts  of  sulphur  are  mixed  with  four  parts  of 
suiganese  dioxide,  and  the  mixture  is  heated,  sulphur  dioxide 

S^ven  off: 

Sa      +      MnOg      =      MnS      +      SO,. 

Sulphur.  Manganese         Maneanous         Sulphur 

Dioxide.  Sulpnide.  Dioxide. 

(3)  On  a  smaller  scale  for  laboratory  purposes,  copper  turn- 
in  a  glass  flask  are  covered  with  strong  sulphuric  acid  and 
mixture  heated  gradually,  so  as  to  maintain  a  steady  effer- 

'^''^^scence.  Mercury  and  silver  give  the  same  result.  Some 
^vilphide  b  formed  at  the  same  time,  but  the  reaction  is  prac- 
'^c^^ly  as  follows ; 

Cu     -f-     2HaS04     =     CUSO4     +     2HaO     +     SO,. 

Copper.  Sulphuric  Copper  Water.  Sulphur 

Acid.  Sulphate.  Dioxide. 

(4)  When  the  copper  in  the  above  reaction  is  replaced  by 
^^li^rcoal,  the  gas  is  evolved  according  to  the  following : 

C        4-        2HgS04        =        2HaO        +        COa        -+-        2SOa. 

^— *«"bon  Sulphuric  Water.  Carbon  Sulphur 

Acid.  Dioxide.  Dioxide. 

TThis  method  is  not  available  when  the  gas  is  required  absolutely 
?,  on  account  of  the  accompanying  carbon  dioxide,  but  for 
:ing  the  official  Acidum  Sulphurosum  the  small  quantity  of 
^^=aj-bonic  acid  is  no  disadvantage. 

(5)  Sulphur  and  sulphuric  acid  heated  together  give  the  pure 


S    +    2HaS04    =    2HaO    -h    aSO,. 

C6)  When  warm  diluted  sulphuric  acid  is  added  to  a  sulphite, 
^H^  gas  is  given  off  freely  : 

Na^a      4-      HaS04      =      NaaS04      +      HgO  +      SOj. 

Sodinm                  Sulpharic                  Sodium                  Water.  Sulphur 

Salphite.                    Acid.                     Sulphate  Dioxide. 


C4 


Properties. — ^Sulphur  dioxide  is  a  colorless  gas,  having 

***flrocating  odor.     One  volume  of  water  at  o**  dissolves  79.8 

Volumes,  and  at  20**  39.4  volumes  of  the  gas.      When  water 

^  o^  is  saturated  with  the  gas,  it  deposits  crystals  having  the 
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formula  H,SOg.  i4HgO.  These  crystals  melt  at  i"  to  a",  withoiB 
evolution  of  the  gas.  At  a  temperature  of  — 10°,  or  under  3 
pressure  of  three  atmospheres,  the  gas  condenses  to  a  colorless, 
mobile  liquid,  which  boils  at  — 8°,  and  at  — 76°  becomes  a  ens- 
talline  solid. 

The  liquid  sulphur  dioxide  has  a  specific  gravity  of  1.493! 
20.5".  It  is  manufactured  by  Pictet,  of  Geneva,  and  sent  into 
commerce  in  copper  cylinders.  On  the  large  scale,  pressure 
affords  the  cheapest  means  of  converting  the  gas  into  the  liquid 
state,  but  for  laboratory  experiments  it  may  be  readily  obtained 
in  the  liquid  condition  by  passing  it  through  a  tube  surrounded 
by  a  freezing  mixture  of  salt  and  ice.  The  liquid  may  also  be 
prepared  and  preserved  by  sealing  in  a  strong  glass  tube  one 
part  of  sulphur  and  five  parts  of  sulphur  trioxide.  The  reaction 
takes  place  spontaneously  according  to  the  followmg : 


aSO,    +    S 


3SO,. 


A  low  temperature  may  be  produced  by  the  vaporization  of 
liquid  sulphur  dioxide,  and  this  may  be  intensified  by  directing 
a  current  of  air  over  its  surface. 

The  gas  is  very  stable  under  high  temperatures  until  1200°  are 
attained,  when  decomposition  into  sulphur  trioxide  and  sulphur 
takes  place : 

3SO,    =    aSOe    +    S. 

Both  gaseous  and  liquid  sulphur  dioxide,  in  the  presence  of 
water,  possess  active  bleaching  properties.  The  action  in  this 
case  is  a  reducing  one,  the  opposite  to  that  by  which  chlorine 
accomplishes  the  same  purpose.  In  the  presence  of  organic 
matter  it  appears  to  have  the  power  of  decomposing  water,  com- 
bining with  the  oxygen,  while  the  hydrogen  in  the  nascent  slate 
is  free  to  combine  with  the  oxygen  of  the  coloring  matter,  forming 
colorless  compounds ; 

SOa    +    sHjO    =    HjSO*    +    H^ 

The  coloring  matter  is  not  destroyed,  as  in  the  case  of  chlorine. 
but  may  be  restored  by  neutralizing  with  an  alkali,  hence  tb^ 
importance  of  thorough  washing  to  remove  these  sulphur  cor»^' 
pounds  in  the  process  of  bleaching.  It  is  especially  valuable  *-' 
the  bleaching  of  wool  and  silk  where  chlorine  would  injure  t^ 
fabric 

With  solutions  of  the  metallic  hydrates  and  carbonates,  sulpl"*- 
dioxide  produces  sulphites  according  to  the  following  reactioi:i 


SULPHUR  AND  OXYGEN.  199 

aKOH        +        SO,       =       K,SO,       +        H^. 
pMaMlnm  Sulphur  Potcuinm  Witw. 

Hydntc.  Dloildb  Sniphlie 

K^O,        +        SO,        =         K,SO,        +         CO,. 
Pouninm  Sulphur  PotiulDm  Carbon 

Cubonaic.  Dkiilda,  Sulphilc.  Dloiide. 

Certain  metallic  peroxides  are  converted  by  sulphur  dioxide 
§g»tto  sulphates,  as  follows : 

PbO,       +       SO,       =       PbSO,, 

Lewi  Sulphur  Lcmd 

Pcraxldt.  Dioxide.  Snlpbat*. 

Iodine  is  converted  into  hydriodic  acid  by  sulphur  dioxide : 

Ig      +      SO,      +      aH,0      =      H,SO,      +      aHL 

lodlaa.  Sulphur  Witer.  Sulphoric  Hydrlodle 

Dioxide.  Acid.  Acid. 

la  the  absence  of  water  this  reaction  is  reversed,  as  follows : 

H,SO«    +    aHI    =    I,    +    SO,    +    aH,0. 
Sulphur  dioxide  is  detected  by  paper  which  has  been  saturated 
■^•'■ith  solutions  of  potasMum  iodate  and  starch.     When  this  is. 
^"■ought  in  contact  with  the  gas  the  starch  is  turned  blue  by  the 
^l>«rated  iodine,  as  follows : 

aKIO,    +    5SO,    +    4H,0    =    3KHSO.    +    3H,SO,    +    I,. 

■"cMualBm  Sulpha  r  Walei.  Acid  Sulphuric  lodlna. 

IsdMc.  Dioxide.  Poiisiium  Acid 

Sulphate. 

If,  however,  the  gas  should  be  in  excess  it  will  react  on  the  free 
iodine,  according  to  the  reaction  given  above  for  the  formatioD 
of  hydriodic  acid,  and  the  paper  will  be  bleached. 

Uses. — The  gas  is  used  extensively  in  bleaching,  disinfecting, 
and  in  the  manufacture  of  sulphurous  acid  and  the  sulphites. 
Tlie  cheapest  source  is  from  sulphur  or  iron  pyrites.  Its  antisep- 
tic properties  are  especially  valuable  for  the  preservation  of  meat 

SULPHUROUS  ACID. 
fi>rmula,  HiSOi         Molecular  l^eighl.  81,86 
Addum  Sulphurosum,  U.  S.  P. — This  acid  is  not  known  in 
Ok  free  state,  but  there  are  good  reasons  for  believing  that  it' 
(SSb  m  aqueous  solution. 

Preparation. — It  is  prepared  by  pas^ng  sulphur  dioxide  into 
wto  at  10°.  The  United  Sutes  PharmacoptEia  recommends 
Alt  the  g;as  be  prepared  from  sulphuric  acid  and  charcoal,  but 
00  a  larger  scale  it  ls  generally  made  by  burning  sulphur.  Fof' 
Vt  deliuls  and  reactions  Involved  in  the  preparation  of  the  gas/ 
B precw^ng ^ffison  sulphur  dioxide  may  be  consuhed. 
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Properties. — The  official  sulphurous  acid  is  a  colorless  liquid,  I 
of  a  sulphurous  odor,  and  an  acid,  sulphurous,  and  somewhat  ' 
astringent  taste.  It  has  the  specific  gravity  1,035  **  'S*-  ^^ 
contains  6.4  per  cent,  of  the  gas  by  weight.  It  reddens  litmus 
paper  strongly,  and  then  bleaches  it.  On  the  application  of  heat, 
all  the  gas  is  given  off,  and  then  the  water  volatilizes,  leaving  no 
residue.  This  property  would  serve  to  delect  many  impurities. 
Not  more  than  a  turbidity  should  be  produced  on  adding  to  sul- 
phurous acid  a  little  barium  chloride  and  dilute  hydrochloric  add, 
indicating  the  absence  of  more  than  traces  of  sulphuric  acid. 

Sulphites. — Sulphurous  acid  is  dibasic,  that  is,  has  two  hydro- 
gen atoms  replaceable  by  bases.  This  gives  rise  to  two  aeries  of 
salts,  the  acid  or  ^I'-sulphites,  in  which  only  one  hydrogen  atom  is 
replaced,  as  follows  ; 

KOH      +      H,SOa      =      KHSO,      +      H,0, 

Potiusmm  Su]|jhurout  poiwaluni  Water. 

Hydrate.  Add.  Blaulphile. 

and  the  norma/  sulphites,  in  which  both  hydrogen  atoms  are  re- 
placed, as  follows  ■ 

3KOH      +      HgSOg      =      KaSO,      +      aHaO. 

Polaisiuio  Sulphuroiu  PoloMlura  Water. 

Hydrale.  Add.  Sulphite. 

The  sulphites  are  usually  prepared  by  passing  the  gas  from 
burning  sulphur  into  a  solution  of  a  hydrate  ;  the  amount  of  gas 
used  determines  whether  an  acid  or  normal  sulphite  is  formed. 
Except  the  sulphites  of  the  alkali  metals,  they  are  rather  insoluble 
in  water. 

Heat  decomposes  most  of  the  sulphites,  some  into  oxides  arKZ 
sulphur  dioxide,  as : 

CaSOg      =      CaO      +      SOj, 
others  into  sulphates  and  sulphides,  as  : 

4KaSOj     =      jKaSO,      +      KgS. 

They  are  also  decomposed  on  the  addition  of  hydrocMoi 
or  sulphuric  acid,  evolving  sulphur  dioxide,  and  forming  a  chR*^^*~ 
ride  or  sulphate  of  the  base.  The  sulphite  of  potassium,  KjSO  ^m~  ~ 
2H,0,  and  the  bisulphite  and  sulphite  of  sotlium,  NaHSO,  a.*"*"*^ 
NaaS0,.7H,0.  are  official. 

Detection. — The  sulphites,  as  well  as  the  bisulphites,  e«-*"^ 
easily  detected  by  the  addition  of  zinc  and  hydrochloric  ac*-^-^* 
when  hydrogen  sulphide  will  be  evolved  : 

3Zn    +    6HC1    +    H^Og    =    jZnCl,    4.    jH.O    -f      H^ 
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The  use  of  free  hydrochloric  acid  is  necessary,  since  in  its 
absence  the  following  reaction  takes  place  : 

Zn    +    aHjSOa    =    ZaSO,    +    HjSOg    +    HgO. 

'The  salts  of  silver,  mercury,  and  lead  added  to  sulphurous  acid 
oir  a  sulphite  produce  a  precipitate  which  blackens  on  heating, 
o'wing  to  formation  of  sulphide. 

The  sulphites  and  bisulphites  are  largely  used  in  bleaching  and 
disinfecting,  and  in  addition  are  employed  more  or  less  in  medi- 


PRACTICAL   EXERCISES. 

(  i)  In  a  flask,  similar  to  that  arranged  for  the  preparation  of  chlorine, 
plfiice  a  few  copper  turnings  and  cover  them  with  concentrated  sulphuric 
aci<l.    Apply  a  gentle  heat,  gradually  increasing  until  effervescence  com- 
mences, and  collect  the  resulting  gas  by  downward  displacement,  as  under 
chlorine.    This  gas  is  sulphurous  oxide. 

(  2)  A  dry  tube  full  of  the  gas  inverted  in  a  vessel  of  water  will  show  the 
leady  solubility  of  it  in  that  liquid. 

(3)  A  piece  of  moistened  blue  litmus  paper  held  in  the  gas  will  at  first 
become  red,  but  after  the  lapse  of  some  time  will  turn  white,  thus  show- 
ing the  bleaching  property  of  the  gas. 

(4)  Plunge  a  lighted  taper  into  a  tube  full  of  the  gas ;  it  is  quickly  ex- 
tinguished, indicating  that  the  gas  is  neither  combustible  nor  a  supporter 
of  combustion. 

(5)  Pass  the  gas  into  water  until  the  latter  smells  strongly  of  it,  then 
add  to  the  resulting  liquid  a  solution  of  potassium  permanganate ;  the 
poipk  color  of  the  latter  will  be  destroyed  as  rapidly  as  added. 

SULPHUR  TRIOXIDE. 
Sulphuric  Oxide. 

Formula,  SOs.  Molecular  Weight,  79.86. 

I^paration. — ^This  compound  may  be  prepared  by  direct 
umon  of  two  volumes  of  sulphur  dioxide  with  one  volume  of  oxy- 
8^»  by  the  aid  of  red-hot  platinum  sponge  : 

aSOg     +      Og     =      2SO8. 

The  white  fuming  compound  is  conducted  into  a  well-cooled 
'^ver  where  it  condenses  in  long  needles.  It  is  important  that 
^  parts  of  the  apparatus  be  free  from  moisture,  and  that  the 
Pses  be  previously  well  dried  by  passing  them  through  sulphuric 
*Qd,  and  then  through  a  column  of  pumice,  moistened  with  the 
^ncentrated  acid.  This  method  has  been  so  modified  as  to  make 
t  available  for  working  on  a  large  scale,  by  allowing  concentrated 
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sulphuric  acid  to  fall  drop  by  drop  on  pieces  of  red-hot  bricks, 
when  the  following  decomposition  takes  place : 

sHjSO^      =      aSO,      -(       O,      +      3H,0. 

This  mixture  is  freed  from  moisture  by  passing  it  through  sul- 
phuric acid,  by  which  the  H,0  is  removed,  and  the  remaining 
SOg  and  O  passed  over  red-hot  spongy  platinum,  to  combine 
ihem  into  sulphuric  oxide.  When  the  fuming,  or  Nordliausen, 
sulphuric  acid  is  carefully  heated  in  a  glass  or  platinum  retort, 
sulphuric  oxide  distils,  leaving  ordinary  sulphuric  add  behind : 

HaSaO,      =      HjSO«      +      SOa- 

On  heating  concentrated  sulphuric  acid  with  phosphorus  pent- 
oxide,  water  is  extracted  and  sulphuric  oxide  formed  ; 

HjSO,      +      P,Ob      =      aHPO,      +      SO,. 

Properties. — Sulphur  trioxide  consists  of  long  transparent 
prisms.  When  perfecdy anhydrous  it  fuses  at  14.8°,  and  boils 
at  46.2".  On  standing  for  some  time  at  ordinary  temperatures, 
long  crystalline  fibres  slowly  form,  which  fuse  at  50°.  This  has 
been  termed  a  second  modification  of  sulphur  trioxide ;  it  is 
readily  converted  into  the  first  by  fusing  and  then  reducing  the 
temperature  to  14°,  At  the  present  time  it  is  considered  that 
there  is  but  one  form  of  the  trioxide,  the  fibrous  modification 
melting  at  50"  being  produced  by  the  absorption  of  traces  of 
moisture. 

The  pure  trioxide  when  melted  has  a  specific  gravity  of  1.97  at 
20°.  Sulphur  trioxide  possesses  a  great  affinity  for  water  and 
fumes  on  exposure  to  air.  When  thrown  on  water  it  dissolves 
with  a  hissing  noise,  at  the  same  time  evolving  considerable  heal. 

When  mixed  with  barium  oxide  the  following  reacdon  takes 
place : 

BaO        +        SO,        =        BaSO,. 
BHrium  Sulphur  Barium 

Glide.  Tcloxldc.  Sulphaie. 

The  evolution  of  heat  b  so  great  in  this  reaction  that  the  mass 
becomes  red-hot.  Sulphur  trioxide  is  manufactured  on  a  largi* 
scale,  and  comes  into  commerce  in  soldered  iron  boxes  or  seal^=* 
glass  globes. 

Uses,— It  is  used  in  the  preparation  of  artificial  alizarin,  ^*^ 
in  dissolving  indigo,  having  replaced  to  a  certain  extent  '^^ 
Nordhausen  sulphuric  acid. 


SULPHUR  AND  OXYGE^N.  2O3 

SULPHURIC  ACID. 

Formula,  HsSO*.  Molecular  H^eighl,  97.82. 

History. — Geber,  in  the  eighth  century,  appears  to  have  pre- 
pared this  acid  in  an  impure  state,  but  the  first  exact  knowledge 
dates  from  the  fifteenth  century,  when  Basil  Valentine  prepared 
it  by  distilling  ferrous  sulphate.  A  crude  form  of  the  present 
process  is  said  to  have  been  introduced  into  England,  from  the 
Continent,  in  the  early  part  of  the  last  century,  by  Cornelius 
Drebbel.  This  method  consisted  in  burning  sulphur  and  nitre 
together  in  large  glass  globes,  the  bottoms  of  which  were  covered 
with  water.  This  glass  vessel  was  replaced  by  the  present  lead 
chamber,  at  the  suggestion  of  Dr.  Roebuck,  in  1746. 

Occurrence. — In  the  free  state  sulphuric  acid  is  found  in 

springs  originating  in  the  vicinity  of  volcanoes,  and  in  certain 

rivers  that  have  their  sources  in  the  Andes  of  South  America. 

In  combination  it  occurs  as  the  sulphates  of  calcium,  barium, 

magnesium,  and  a  number  of  other  metals. 

Preparation. — ^The  formation  of  sulphuric  acid  is  based  on  the 
o^cidation  of  sulphur  dioxide  in  the  presence  of  water.  This 
tsQces  place  slowly  by  atmospheric  oxygen,  but  rapidly  by  the 
o^cides  of  nitrogen,  which  in  turn  readily  take  oxygen  from  the 
atmosphere. 

The  following  reaction  is  the  simplest  expression  for  what 
talces  place  in  the  **  lead  chamber  process  :  ** 

aSOg    4-    NgO*    +    aHgO    =    aHgSO*    -f    NaOg. 

Snlphor         Nitrogen  Water.  Sulphuric  Nitrogen 

Dioxide.       Tetroxide.  Acid.  Dioxide. 

This  reaction  may  be  accomplished  on  a  small  scale  by  con- 
diacting  into  a  large  glass  globe  sulphur  dioxide,  nitrogen  dioxide, 
stream,  and  air.  The  process  will  apparendy  go  on  indefinitely, 
since  the  nitrogen  dioxide  is  reconverted  into  tetroxide  by  the 
03cygen  of  the  air ;  but  the  nitrogen  of  the  air  is  present  in  in- 
creasing amount,  and  so  dilutes  the  mixture  as  to  prevent  further 
^cnion  until  it  is  removed. 

When  the  steam  is  not  simultaneously  admitted  with  the  others 
^H^re  are  deposited  **  lead  chamber  crystals  : " 

iSOg    -I-     N8O4    -f-    O    -f     HgO    =    2HS03NOa, 

'^hich  dissolve  on  the  admission  of  steam,  forming  sulphuric  acid 
^d  red  fumes : 

2HSOaNOa    +    HgO    =    2HaS04    -f-    NgOa- 
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On  the  large  scale  the  lead  chamber  process  is  carried  out  by 
the  most  economical  methods,  and  therefore  by  the  use  of  the 
cheapest  materials.  In  England  the  sulphur  dioxide  is  prepared 
by  roasting  pyrites,  FeS,  ;  in  the  United  States  from  pyrites,  and 
by  burning  sulphur.  The  oxides  of  nitrogen  are  prepared  by 
the  action  of  sulphuric  acid  on  Chili  saltpetre. 

A  view  of  the  lead  chambers  with  the  two  towers  b  shown  in 
Fig.  54- 

The  details  of  the  process  are,  briefly,  as  follows :  Sulphur 


Fig.  54. 


Y  sulphuric  uid. 


dioxide,  generated  by  one  of  the  methods  above  stated,  k  passed 
iiitii  the  Glover  tower,  c,  where  it  is  cooled  and  mixed  with  dilute 
i^ulphuric  acid  which  trickles  down  over  the  pieces  of  bricks  into 
thr  tiiwcr  from  M  ;  at  the  same  time  from  an  adjoining  cistern 
llirrr  runs  down,  and  mixes  with  this,  concentrated  sulphuric 
fli-id  containing  oxides  of  nitrogen  in  solution. 

The  cffi-ct  of  this  mixing  witli  dilute  acid  is  to  liberate  the 
oiiitlci  of  nitrogen  from  the  concentrated  acid,  which  oxides,  with 
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sulphur  dioxide,  oxygen,  nitric  acid,  and  steam,  are  passed  into 
chamber  a,  where  the  following  reactions  take  place  : 

(i)  SO,     f    aHNOa    -=    HgSO*    -f-    Na04. 

(2)  aNgOjSOa    4     0,    +    aHjO    =    aHjSO*    +    aNgOa. 

From  the  first  chamber  the  uncombined  gases  pass  into  a  second 
chamber  where  further  combination  and  condensation  take  place, 
and  in  a  third  chamber  the  condensation  is  completed  so  that 
only  oxides  of  nitrogen  and  nitrogen  gas  escape  into  the  Gay- 
Lussac  tower,  k.  In  this  latter  tower  the  oxides  are  dissolved 
by  concentrated  sulphuric  acid  from  m,  trickling  down  over  pieces 
of  coke. 

When  this  concentrated  acid  reaches  the  bottom,  saturated 
with  oxides  of  nitrogen,  it  is  transferred  by  suitable  pipes  to  the 
top  of  the  Glover  tower  to  run  down  and  mix  with  fresh  quanti- 
ties of  dilute  acid  and  sulphur  dioxide.     The  concentrated  acid 
for  the  Gay-Lussac  tower  is  taken  from  the  bottom  of  the  Glover 
tower,  as  the  mixed  dilute  and  strong  acids  in  meeting  with  the 
hot  gases  have  been  deprived  of  nearly  all  water. 

The  circulation  of  gases  through  the  system  of  towers  and 
diambers  is  maintained  by  the  draught  of  a  tall  chimney. 

It  will  be  seen  that  the  same  sulphuric  acid  is  repeatedly  used 
and  nearly  all  the  oxides  of  nitrogen  are  saved,  so  that  the  process 
consists  in  generating  a  continuous  supply  of  sulphur  dioxide 
with  a  small  quantity  of  nitric  acid  to  make  up  the  loss  which  is 
unavoidable.  The  principal  supply  of  oxygen  comes  fi'om  the 
ttmo^hcre. 

The  fiimace  in  which  the  sulphur  or  pyrites  is  burned  is  so 
ananfied  as  to  fiimish  the  necessary  heat  for  the  decomposition 
of  the  nitrate. 

The  acid  in  the  bottom  of  the  lead  chamber  is  drawn  off  when 
it  attains  a  specific  gravity  of  1.55  to  1.60, — containing  64  per 
cent,  of  absolute  sulphuric  acid.  If  allowed  to  become  more 
concentrated  than  this  it  begins  to  absorb  nitrous  fumes.  It  is 
then  concentrated  in  leaden  pans  until  it  reaches  the  specific 
gravity  of  1.75,  containing  78  per  cent,  of  the  acid,  when  it  com- 
mences to  attack  the  lead,  and  is,  therefore,  transferred  to  vessels 
of  iron,  glass,  or,  best  of  all,  platinum,  to  be  finally  concentrated 
or  distilled.  Even  platinum  is  slowly  attacked  by  the  acid,  so 
that  recently  it  has  been  found  advantageous  to  line  these  plati- 
num stills  with  gold. 
The  lead  chamber  process  has  been  carried  to  the  highest 
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development  in  England,  where  the  annual  production  of  the  acid 
b  nearly  one  million  tons. 

Theoretically  lOO  parts  of  sulphur  should  yield  305.9  parts  of 
sulphuric  acid,  but  in  practice  this  is  never  quite  reached.  290 
parts  are  about  the  average,  and  in  some  of  the  best  works  297 
parts  are  attained. 

The  amount  of  sodium  nitrate  required  also  varies.  In  manu- 
factories where  both  the  Gay-Lussac  and  Glover  towers  are  used, 
only  3.5  to  7.5  parts  of  the  nitre  are  found  necessary  for  every 
100  parts  of  sulphur. 

Sulphuric  acid,  when  prepared  without  distillation,  is  dark  in 
color  and  contains  lead  sulphate,  arsenic,  and  nitrogen  trioxide. 
The  arsenic  may  be  removed  by  adding  a  small  quantity  of  hy- 
drochloric acid  and  boiling,  when  arsenous  chloride  will  pass  off; 
the  nitrogen  trioxide  may  be  removed  by  the  addition  of  ammo- 
nium sulphate,  when  the  following  reaction  takes  place  with 
evolution  of  nitrogen  : 

(NH4)j|S04    -f    N,Oa    =    H^SO*    +    aH.O    -{-    2N,. 

Finally,  to  remove  lead  and  any  other  fixed  impurities,  the  acid 
is  distilled  from  glass  or  gold-lined  platinum  retorts.  When  one- 
third  of  the  acid  has  passed  over,  the  receiver  is  changed  and 
the  remainder,  distilled  nearly  to  dryness,  furnishes  the  pure, 
colorless  acid. 

Properties. — When  pure,  sulphuric  acid  is  a  colorless,  oily, 
inodorous,  corrosive  liquid  of  the  specific  gravity  1.840,  and 
containing  not  less  than  96  per  cent,  of  absolute  HgS04.  When 
all  but  2  per  cent,  of  water  has  been  removed  and  the  add 
cooled,  crystals  of  pure  HgS04  separate  out,  which  melt  at  10.5**. 
These  crystals,  when  melted,  will  frequently  retain  the  liquid 
condition  considerably  below  the  solidifying  point ;  when,  how- 
ever, the  liquid  is  agitated,  or  a  crystal  is  added,  the  mass  solidi- 
fies, and  the  temperature  rises  to  10.5°.  The  pure  liquid  has 
the  specific  gravity  1.854  ^^  0°,  and  1.834  at  24**,compared  with 
water  at  the  same  temperatures. 

Acidum  Sulphuricum,  U.  S.  P.,  has  a  specific  gravity  of 
1.835  at  15°,  and  contains  92.5  per  cent,  by  weight  of  abso- 
lute H2SO4.  On  heating  the  absolute  acid  it  begins  to  fiime  at 
30*^,  sulphur  trioxide  escaping.  This  evolution  of  the  trioxide 
continues  until  the  temperature  reaches  338*^,  and  is  maintained 
at  that,  when  a  liquid  distils  over  unchanged  containing  98.4  to 
98.8  per  cent,  of  HJSO4.     On  diluting  with  water  until  the  acid 
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has  the  specific  gravity  1.78  and  the  composition  HgS04  +  H,0, 
the  so-called  monohydrated  acid  crystallizes  at  o^,  and  the  crys- 
tab  melt  at  7.5**. 

Sulphuric  acid  has  a  strong  affinity  for  water,  and  when  mixed 
^th  it  great  heat  is  developed.     In  diluting,  the  acid  should 
always  be  poured  into  the  water,  slowly  and  with  constant  stirring  ; 
^hen  the  reverse  is  attempted  the  acid  is  liable  to  be  thrown  out 
ly  the  violent  ebullition  resulting  fi-om  the  sudden  rise  in  tem- 
perature.    The  mixing  is  accompanied  by  diminution  of  volume, 
the  maximum  contraction  amounting  to  8  per  cent,  when  one 
molecule  of  the  acid  is  mixed  with  two  of  water.     On  account 
of  this  affinity  for  water,  organic  substances  are  rapidly  decom- 
posed, hydrogen  and  oxygen  in  the  proportion  to  form  water 
being  removed,  and  carbon,  in  many  compounds,  separating 
out    An  example  of  this  occurs  when  sulphuric  acid  is  added 
to  sugar.     The  concentrated  acid  does  not  so  readily  attack 
metals  as  that  which  is  more  diluted.     In  some  cases  the  metal 
becomes  coated  with  a  layer  of  sulphate,  which  prevents  further 
action.    This  is  notably  the  case  with  zinc  and  iron.     Copper, 
mercury,  antimony,  bismuth,  lead,  and  silver  are  dissolved  on 
heating  with  the  acid,  a  reduction  of  the  latter  taking  place  with 
^  evolution  of  sulphur  dioxide  at  the  same  time.      Gold,  plati- 
num, and  some  other  of  the  noble  metals  are  not  appreciably 
affected  even  by  boiling  with  the  acid.      For  this  reason  the 
latter  when  concentrated  may  be  used  to  separate  silver  from 
gold. 

Uses. — Sulphuric  acid  is  consumed  in  all  branches  of  chemical 
industry.  Perhaps  its  most  extensive  use  is  in  the  Leblanc  soda 
industry,  where  the  chamber  acid  is  employed  without  concen- 
tration. It  is  also  largely  consumed  in  the  refining  of  petro- 
leum, in  the  manufcicture  of  fertilizers,  in  making  parchment,  in 
the  conversion  of  starch  into  glucose,  and  in  the  manufacture  of 
carbon  dioxide  firom  calcium  carbonate. 

Tests  and  Impurities. — Sulphunc  acid  and  sulphates  are 
detected  by  giving  a  white  precipitate  with  barium  chlonde, 
naoluble  in  hot  concentrated  acids  ;  also  by  the  white  precipitate 
which  they  form  with  salts  of  lead,  insoluble  in  dilute  acids,  but 
soluble  in  hot  concentrated  acids.  Sulphates  may  also  be  de- 
^ed  by  heating  a  fragment  on  charcoal  with  sodium  carbonate 
and  moistening  the  fused  mass  on  a  silver  coin  with  a  drop  of 
diluted  hydrochloric  acid,  when  a  dark  stain  of  silver  sulphide 
^  be  produced.     This  is  known  as  the  Hepar 
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Sulphuric  acid  is  liable  to  contain  lead,  nitric  acid,  or  nitrogen 
trioxide,  arsenic,  selenium,  and  organic  matter.  It  should  vol- 
atilize from  a  glass  or  platinum  dish  at  a  temperature  of  350® 
without  residue.  Lead  is  detected  on  diluting  with  water,  or, 
better,  with  alcohol,  when  a  precipitate  of  lead  sulphate  will  take 
place.  When  some  of  the  acid  in  a  test-tube  is  covered  with  a 
layer  of  ferrous  sulphate  solution,  no  dark  ring  should  be  formed 
at  the  point  of  contact  of  the  two  liquids,  indicating  the  absence 
of  ntiric  add  and  the  oxides  of  nitrogen.  When  considerably 
diluted  with  water  and  treated  with  pure  zinc  it  evolves  a  gas 
which  should  not  blacken  paper  moistened  with  solution  of  silver 
nitrate,  indicating  the  absence  of  arsenic  or  sulphurous  acid. 

When  the  acid  is  mixed  with  twice  its  volume  of  water,  the 
mixture  added  to  half  its  bulk  of  sulphurous  acid,  and  then 
allowed  to  stand,  no  red  color  of  separated  selenium  should  occur, 
according  to  the  following  reaction  : 

HaSeOa      -f      aSOg      +      HgO      =      aHaSO*    .+      Se. 

Selenous  Sulphurous  Water.  Sulphuric  Selenium. 

Acid.  Acid.  Acid. 

Organic  matter  is  recognized  by  the  dark  color  it  imparts  to 
the  <icid. 

Sulphates. — Sulphuric  acid  forms  two  series  of  salts,  the  neU' 
tral  or  normal  sulphates,  in  which  both  hydrogen  atoms  of  the 
acid  are  replaced  by  a  base,  as  NajS04,  ^"^  the- oaiflf  sulphates,  id 
which  only  one  hydrogen  atom  is  replaced  by  a  base,  as  NaHS04. 
Most  of  the  sulphates  are  soluble  in  water,  the  important  excep- 
tions being  those  of  barium,  strontium,  calcium,  and  lead.  The 
sulphates  of  sodium,  ammonium,  iron,  and  certain  alkaloids  have 
extensive  use  in  medicine. 

NORDHAUSEN   OR  DISULPHURIC  ACID,  H^SaO^. 

This  is  the  oldest  of  the  sulphuric  acids,  and  was  originally 
manufactured  in  the  vicinity  of  Nordhausen,  Germany,  by  the 
distillation  of  dried  ferrous  sulphate  in  earthen  retorts : 

2FeS04    =    PegOa    -h    SO,    +    SOa- 

There  is  also  a  small  quantity  of  water  necessarily  present, 
since  ferrous  sulphate  retains  one  molecule  of  water  until  decom- 
position begins  ;  therefore  a  weak  acid  is  first  formed  which 
carries  with  it  most  of  the  sulphur  dioxide,  and  should  be  rejected. 
The  distillate  is  saved  when  the  white  fumes  of  the  trioxide  make 
their  appearance.  There  is  still  enough  moisture  present  to  make 
a  liauid  acid  of  a  composition  corresponding  to  the  above  formula. 
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At  the  present  time  most  of  the  acid  is  made  in  Bohemia.  The 
operation  is  commenced  by  roasting  pyrites,  by  which  ferrous 
sulphate  and  basic  ferric  sulphate,  FcgSgOo,  are  formed.  On 
lixiviating  the  mass  a  solution  of  the  sulphates  is  obtained,  which, 
on  evaporation  and  ignition,  gives  a  residue  of  the  basic  sulphate 
alone.  The  presence  of  the  ferrous  salt  is  avoided  as  far  as  possi- 
l>le  on  account  of  the  formation  of  sulphur  dioxide  as  above  given. 
On  submitting  the  basic  salt  to  distillation  the  following  reaction 
takes  place : 

FegSgOg    =    FejOa    +    2SO8. 

The  residue  is  the  caput  mortuum  or  colcothar  used  in  polish- 
ing. The  acid  is  also  prepared  by  dissolving  sulphur  trioxide  in 
concentrated  sulphuric  acid : 

H,S04    +    SOa    =    HjSgO^. 

This  would  require  about  45  per  cent,  of  the  trioxide,  but 
^he  commercial  acid  often  contains  less  than  20  per  cent,  of  it 

Properties. — Fuming  sulphuric  acid  is  a  thick,  oily  liquid, 
crolorless  when  pure,  but  often  of  a  brownish  color  from  small 
quantities  of  organic  matter.     As  ordinarily  found,  its  specific 

ivity  is  rarely  above  1.865.  Since  the  introduction  of  the  tri- 
xide  into  commerce  the  liquid  may  be  obtained  in  sealed  tubes 
bulbs.  It  is  of  semi-solid  consistence,  and  of  the  specific 
KTravity  1.900.  When  the  acid  is  cooled,  large  crystals  separate, 
■^^liich  are  of  a  white  color  and  melt  at  35°. 

Disulphuric  acid  forms  both  acid  and  normal  salts  ;  for  example, 
■^^ith  sodium  we  have  NaHSa07  and  NaaSa07. 

The  Nordhausen  acid  has  not  any  use  in  pharmacy,  but  is 
^xnployed  largely  in  the  arts  for  dissolving  indigo  and  in  the 
preparation  of  artificial  alizarin. 

THIOSULPHURIC  ACID,  HaSaOa- 

This  acid  is  not  known  in  the  free  state,  but  only  in  combi- 

>^^don  in  certain  salts,  of  which  sodium  thiosulphate,  NaaSgOa. 

Sl^fO,  is  the  most  important      The  salt  is  improperly  called 

^^rposulphite  of  sodium,  and  consequently  the  acid  is  also  mis- 

^^^ed  hyposulphurous  acid,  a  name  which  belongs  to  the  com- 

P^MindHaSOa. 

Preparation. — ^The  sodium  salt  is  prepared  by  boiling  together 
^^phur  and  sodium  sulphite : 

NaaSOa    +    S    »    NaaSaOa* 

It  is  also  formed  when  sulphur  dioxide  is  passed  into  %  igltttioa 
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of  sodium  sulphide,  the  reaction  taking  place  in  two  stages  ac« 
cording  to  the  following  : 

(1)  3SO8    -f    2Na^    =    2Na,SOa    +    3S. 

(2)  Na^SOa    +    S    =    Na.S,Os. 

On  adding  iodine  to  a  solution  of  sodium  sulphide  and  sulphite, 
the  thiosulphate  is  formed  as  follows  : 

Na.S    +    NatSOa    +    Ig    =    Na^SaOa    +    aNal. 

When  sodium,  or  calcium,  pentasulphide  is  exposed  to  the  air» 
it  absorbs  oxygen  and  is  converted  into  thiosulphate : 

NaaSa    +    30    =    NaaSgOa    +    3S. 

In  case  the  calcium  salt  is  formed,  it  may  be  converted  into  the 
sodium  salt  by  the  addition  of  sodium  carbonate.  The  lime  used 
in  purifying  illuminating  gas,  and  known  as  gcu  lime^  contains 
calcium  pentasulphide  and  hyposulphite.  This  is  exposed  to  the 
air,  whereby  the  sulphide  is  converted  into  thiosulphate,  the  mass 
is  lixivated  with  water,  and  the  solution,  by  double  decomposition 
with  sodium  carbonate,  gives  calcium  carbonate  and  sodium  thio- 
sulphate, as  follows : 

CaSaOa    +    NaaCOa    =    CaCOa    +    NaaSgOa- 

This  and  the  ball  soda,  the  u-aste  from  the  manu&cture  of 
sodium  carbonate,  are  the  sources  of  the  commercial  sodium 
thiosulphate.  Another  method,  which  is  sometimes  employed 
on  a  small  scale,  consists  in  taking  three  parts  of  dried  sodium 
carbonate  and  one  part  of  sulphur,  heating  together  in  a  p>orcelain 
dish  to  the  fusing  point  of  the  sulphur,  and  stirring  to  &cilitate 
contact  with  the  air.  Sodium  sulphide  is  first  formed,  which  by 
contact  with  the  air  is  oxidized  to  sulphite  ;  this  is  then  dissolved 
in  water  and  boiled  with  more  sulphur,  forming  the  thiosulphate 
according  to  the  above  reactions. 

Properties. — Sodium  thiosulphate  occurs  in  large,  colorless, 
transparent,  monoclinic  prisms  or  plates,  efflorescent  in  dry  air, 
odorless,  having  a  cooling,  somewhat  bitter  and  sulphurous  taste, 
and  a  neutral  or  faindy  alkaline  reaction.  It  is  soluble  in  1.5 
parts  of  water  at  15°,  and  in  0.5  part  of  boiling  ^-ater,  in  the 
latter  case  with  partial  decomposition.  The  salt  is  insoluble  in 
alcohol.  When  rapidly  heated  it  melts  at  50**,  and  on  increasing 
the  temperature  to  100°  it  loses  all  its  water  (36.3  per  cent). 
The  aqueous  solution  dissolves  oxide  or  chloride  of  silver,  and 
discharges  the  color  of  iodine  solution  and  iodized  starch. 
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When  a  solution  of  thiosulphate  is  treated  with  an  add,  sulphur 
dioxide  is  given  off  and  sulphur  is  precipitated : 

Na^Oa    +    2HCI    =    aNaCl    +    SOg    +    S    +    HgO. 

This  reaction  serves  to  distinguish  the  thiosulphates  from  the 

italphites. 

DITHIONIC  ACID,  H,SaOe. 

PrefMumtion.— When  sulphur  dioxide  is  passed  into  water  in  which 
nganese  dioxide  is  suspended,  the  following  reaction  takes  place : 

MnOg    +    aSOg    =    MnSgOe. 

Some  manganous  sulphate  is  formed  at  the  same  time.    The  solution 
next  treated  with  barium  sulphide : — 

MnSgOe    +    BaS    =    MnS    +    BaSgOe. 

On  adding  sulphuric  acid  to  this,  the  dithionic  acid  is  obtained  in 

lution : 

BaS^Oe    +    HaS04    =    BaS04    +    H,SgOe. 

The  solution  may  be  concentrated  in  a  vacuum  over  sulphuric  acid, 
^u^til  it  reaches  the  specific  gravity  1.547,  when  further  evaporation  re- 
solves it  into  sulphur  dioxide  and  sulphuric  acid : 

HAOe    =    SOa    +    HaS04. 

Dithionic  acid  is  also  formed  when  a  dilute  solution  of  iodine  in  potas- 
sttim  iodide  is  added  to  a  solution  of  acid  sodium  sulphite : 

aNaHSOa    +    !«    =    HaSaOe    +    aNal. 

The  dithionates  are  not  so  easily  oxidized  as  the  thiosulphates.  On 
lieating,  however,  they  are  decomposed  into  sulphur  dioxide  and  sul- 
phite. They  do  not  precipitate  sulphur  on  the  addition  of  hydrochloric 
aicid  and  heating ;  this  distinguishes  them  from  the  thiosulphates. 

TRITHIONIC  ACID,  HaSaOe- 

Preparation. — ^When  sublimed  sulphur  and  a  strong  solution  of  acid 
potassium  sulphite  are  digested  at  a  temperature  of  from  50°  to  60®,  the 
potassium  salt  of  trithionic  acid  is  formed,  as  follows : 

6KHSOa    -f    Sa    =    2KaSaOe    +    KaSaOg    +    3HaC. 

Vhen  a  concentrated  solution  of  potassium  thiosulphate  is  saturated 
^Mrith  sulphur  dioxide,  potassium  trithionate  is  formed : 

aKaSaOa    +    3SOa    =    2KaSaOe    +    S. 

On  adding  iodine  to  a  solution  of  sodium  thiosulphate  and  sulphite, 
^o^mi  trithionate  is  produced : 

NaaSaOa    +    NaaSOa    +    Ig    =    NaaSaOe    +    aNal. 

When  the  potassium  salt,  obtained  in  the  second  method,  is  treated  with 
W'dvodnosilicic  acid  the  free  add  is  produced : 

KaSaOa    +    SiF4.2HF    =    H^/}^ 
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This  diluted  acid  allows  of  only  ipoderate  concentration  in  a  vacuum, 
for  it  readily  decomposes  into  sulphur,  sulphur  dioxide,  and  sulphuric 
acid.    The  potassium  salt  is  the  only  one  which  is  well  known. 

TETRATHIONIC  ACID,  H^Oe- 
Preparation. — ^The  sodium  salt  of  this  acid  is  formed  when  iodine  b 
added  to  an  aqueous  solution  of  sodium  thiosulphate : 

2Na«SaOa    +    la    =    ^^^Pe    +    ^Nal. 

The  free  acid  may  be  prepared  by  carefully  decomposing  barium  tetra- 
thionate  with  diluted  sulphuric  acid.  The  diluted  acid  may  be  boiled, 
but  on  concentrating  decomposition  takes  place,  as  follows : 

HaS40e    =    H,S04    +    SOg    +    S,. 

PENTATH  IONIC  ACID. 

When  hydrogen  sulphide  is  passed  into  a  solution  of  sulphur  dioxide, 
pentathionic  acid  results,  with  separation  of  sulphur : 

SHjS    +    sSOa    =    HaSaOe    +    4HaO    +    5S. 

The  solution  is  milky,  and  is  best  cleared  by  digesting  with  metallic 
copper.  Any  copper  which  is  dissolved  is  precipitated  by  hydrogen 
sulphide. 

The  solution  may  be  concentrated  to  a  specific  gravity  of  1.6,  when  it 
conmiences  to  evolve  sulphur  dioxide. 

COMPOUNDS   OP   SULPHUR  AND   OXYQBN   WITH 
CHLORINE  AND   BROMINE. 

THIONYL  CHLORIDE,  SOCl.. 

This  compound  is  prepared  by  passing  dry  sulphur  dioxide  over  phos* 
phorus  pentachloride : 

SOg        -f-        PClft       =       SOCl,        +        POCla. 

Sulphur  Phosphorus  Thionvl  Phosphoms 

Dioxide.  Pentacnloride.  Chloride.  Oxycbloride. 

It  is  a  colorless  liquid,  with  a  pungent  odor,  and  fumes  in  contact  with 
air.  It  boils  at  78®,  and  has  a  specific  gravity  at  o®  of  1.675.  Whea 
brought  in  contact  with  water  it  is  decomposed,  as  follows : 

SOCla    -f-    2HaO    =    HjSOa    +    aHCl. 

SULPHURYL-HYDROXYL-CHLORIDE,  OR  CHLORSULPHONIC 

ACID,  SOa(OH)Cl. 

This  compound  is  formed  by  the  action  of  hydrochloric  add  on  sulphur 

trioxide : 

HCl    -f    SOa    =    SOa(OH)CL 

It  may  also  be  obtained  by  distilling  a  mixture  of  sulphuric  acid  and 
phosphorus  oxychloride : 

2HaS04     -f      POCla     =     2SOa(OH)Cl     +     HPOa     +      HCL 

Sulphuric  Phosphorus  Chlorsulphonic         Meti^bosphoric  Hydrochloric 

Acid.  Oxycnloride.  Acid.  AcidT.  Acid. 
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It  is  a  colorless,  fuming  liquid,  having  a  specific  gravity  of  1.766  at  18**, 
and  boiling  at  158^.  Water  decomposes  it  with  violence,  according  to 
the  following  reaction : 

S08(0H)C1    +    HgO    =    H,S04    +    HCL 

SULPHURYL  CHLORIDE,  SOaCl.. 

This  substance  may  be  prepared  by  direct  union  of  sulphur  dioxide 
a.iid  chlorine  in  sunlight 

It  is  a  colorless,  fuming  liquid,  with  a  suffocating  odor.  It  boils  at  70®, 
SLTid  has  a  specific  gravity  of  1.659  ^^  ^o^*  Water  decomposes  it  into 
sulphuric  and  hydrochloric  acids. 

SULPHURYL  BROMIDE,  SOaBrg. 

This  compound  is  similar  to  the  sulphuryl  chloride,  and  may  be  con- 
sidered as  derived  from  sulphuric  acid  by  the  replacement  of  the  two 
ti>droxyls  by  bromine.  It  is  prepared  by  the  direct  union  of  sulphur 
<1  i  oxide  and  bromine  in  sunlight : 

SO,    -f-    Br,    =    SOgBr^. 

It  is  a  volatile,  white,  crystalline  solid. 

SELENIUM. 

Symdol,  Se.  Atomic  IVeight,  78.87.  Vaience^  II. 

History. — Selenium  was  discovered  in  181 7  by  Berzelius,  in 
le  deposits  from  sulphuric  acid  chambers,  and  named  from  trsXijvyi^ 
le  moon. 

Occurrence. — It  is  widely  distributed   in   small  quantities 
^^-ssociated  with  sulphur. 

Preparation. — This  element  is  most  conveniently  prepared 
"cm  lead  chamber  deposits.  The  crude  material  is  mixed  with 
^^jflicient  sulphuric  acid  to  make  a  paste,  heated  to  the  boiling 
)int,  and  treated  with  nitric  acid  from  time  to  time,  until  the 
r^sd  color  disappears.  The  solution,  which  now  contains  selenic 
afc-oid,  HgSe04,  is,  when  cold,  poured  off  from  the  sediment  and 
saturated  with  sulphur  dioxide,  when  selenium  separates  out  as  a 
Ted  powder. 

Thus  prepared  it  contains  lead,  and  sometimes  other  metals, 

from  which  It  may  be  purified  by  distillation  or  by  fusing  with 

potassium  nitrate  and  sodium  carbonate,  forming  sodium  selenate, 

from  which  it  is  precipitated  as  a  red  powder  by  hydrochloric  acid. 

Another  method  is  to  evaporate  the  solution  of  selenic  acid. 

obtained  as  above,  to  remove  nitric  acid,  and  then  boil  with  con- 

^ntrated  hydrochloric  acid,  by  which  the  selenic  acid  is  reduced 

^  selenous  acid,  as  follows  : 
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H,Sci\    -^     2Ha    =    C»    -    H^    •    5, 

The  !«oliuion  ci^ntaining:  «ek9i:im  idd  is  ±ksi  ^^Mifut»*r^  -vfth 
pinlptuir  dio\uU\  when  stclcauttnt  iissanitEs  jm.  Mrr-irrTm^  zl  rhe 
following:  roaciiv^n  : 

Sr  Irniiitn  may  alsn^  he  preparefd  2w  t^gesdn^  :23c  jcad  rraniber 
il<pi>^i(  on  a  water  Ixith  with  a  custxaxxzaed  sakaatm  c]t  pccas- 

KCN    -    St    = 


I'tnin  (his  sohition  the  selenium  is> tfSeposated*  in  red  dakes.  on 
\\u  iMlthtion  of  hviiixKhloric  add  TSse  residue  mav  be  punned 
h\  ilixtili.uitMi,  or  by  fusion  as  previc«5iT  described. 

Pioprrtics  -Kike  sulphur,  seknnmi  exists  in  di^erent  aDo- 
iMtpii   luotlitu  ;\litM\s. 

11)1  ht  ;unorpho\is  fonn,  soluble  in  carbon  cfisulphide. 

I  hl^^  \  .n  h  t  V  i*-  ohtaineil  by  quickly  cooling  the  molten  selenium, 
h  i  \i>ri,n;n\;\iuorphous,  nearly  black  mass,  of  the  speci6cgra\-ity^ - 

1^1  I  ii»»n  the  solution  of  the  above  amorphous  \-ariety  iiw. 
i.HlMHi  »l»'ulphhlrdark-nxl,  monoclinic  cr>-stals  separate.  Theses 
» » V  >i,A:.  h.i\ »  a  vprritio  gravity  of  4.5,  and  are  isomorphous  witl». 
I  hi  tttuHtti  \\\\\\  \  ivMals  of  sulphur. 

(.V  W  l»»  o  \\w  .uut>iphous  variety  is  wanned  for  some  tim^ 
.a  »*.  *  11  n  i»»n\»  \u\\  into  a  lead-gray,  crystalline  mass,  which  is 
iu>uliil.U    In  X  nhon  ^lisulphide  and  has  the  specific  gravity  of  4.5. 

(41  1 1  .i  i  »M\i » i\ti,\t<^l  solution  of  sodium  or  potassium  selenide 
lit  I  \|.,.>»i|  tit  i|\r  ,\\\  (or  some  time,  black  microscopic  cr^'stals 
Ml  liutillu  >»  li  i\unn  so|Mrato,  which  have  a  specific  gravity  of 
4  h  i\u  in^i  A\u\  M\NM\d  varieties  change  at  fi^m  90**  to  100* 
nii.i  ilu  tiniit.  A\\y\  \\\v  second,  third,  and  fourth,  when  melted 
.u\il  1(1111  Ul\  i»»oKd»  1  h,\nge  to  the  first.  The  varieties  which 
ih?»MMl\i-  in  i.ul»on  iliMilphide  soften  and  melt  so  slowly  that  no 
oon^iant  ihi  liiui;  pon\i  i\n\  he  assigned  to  them.  The  insoluble 
vaiittii  ^  n\i  U  at  \  \-y\  All  the  ditVorent  forms  boil  at  about  700®, 
fonuinii  a  ^l^lil^^l\  vrllow  vapor,  which  may  be  condensed  in 
soarlrt  powiUr.  1  \kr  snlpluir,  the  vapor  density  of  selenium 
decreases  as  \\\c  lrn\pi  latme  rises.  At  1400**  it  possesses  the 
normal  density  corn  spiutding  tv>  the  formula  Se,. 

When  heatt\l  in  the  air.  selenium  burns  with  a  bright  Wue 
flame,  yielding  seleniun\  dioxide,  SeO,.  The  vapor  has  an  odor 
resembling  horse-radish. 
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The  compounds  of  selenium  are  very  similar  to  those  of  sul- 
phur. Hydrogen  selenide  is  a  very  irritating,  disagreeably-smell- 
ing gas.  One  oxygen  compound,  SeO,,  two  acids,  selenous  and 
selenic,  are  known,  as  well  as  a  series  of  interesting  compounds 
known  as  selenosuiphates,  in  which  selenium  replaces  some  of  the 
59ulphur  in  thiosulphates.  Selenic  acid,  HjSe04,  corresponding 
CO  sulphuric  acid,  HjS04,  resembles  the  latter  in  many  respects, 
l3Ut  has  one  characteristic  property  not  possessed  by  any  other 
^Lcid,  namely,  that  of  dissolving  gold,— the  selenic  being  reduced 
C:o  selenous  acid  at  the  same  time. 

The  compounds  of  selenium  are  best  detected  by  the  red  pre- 
cripitate  of  the  element  which  occurs  on  the  addition  of  sulphurous 
^cid  or  sulphur  dioxide. 

TELLURIUM. 

Symbol,  Tc.  Aiomic  Weighty  125.  Valence ^  IL 

History. — Tellurium  was  discovered  in  1782  by  Miiller  von 
I^eichenstein,  and  more  fully  investigated  by  Klaproth  and  Ber- 
zdius.  It  was  named  tellurium  by  Klaproth  from  telluSy  the 
earth. 

Occurrence. — This  element  occurs  sparingly  in  the  free  state, 
sand  as  tellurides  of  gold,  silver,  lead,  bismuth,  and  mercury  in 
CZalifomia,  Colorado,  Brazil,  and  Hungary. 

Preparation. — Bismuth  telluride  is  fused  with  sodium  carbon- 
a.te.  The  resulting  telluride  of  sodium,  still  mixed  with  a  small 
quantity  of  sulphide,  is  dissolved  in  water  and  exposed  to  the 
air,  by  which  the  metal  is  precipitated.  It  is  then  purified  by 
distillation  in  a  stream  of  hydrogen. 

Properties. — Tellurium  is  a  silver- white  metal  of  a  brittle 
texture,  and  has  a  specific  gravity  of  6.24.  It  melts  at  about 
500®,  and  volatilizes  at  about  1300°,  yielding  yellow  vapors.  It 
*s  insoluble  in  carbon  disulphide,  but  dissolves  in  concentrated 
sulphuric  acid,  imparting  a  deep- red  color  to  the  solution,  from 
^hich  it  is  precipitated  on  the  addition  of  water. 

On  heating  in  the  air,  it  burns  with  a  blue  flame,  yielding  white 
^ttnes  of  tellurium  dioxide. 

Tellurium  forms  many  compounds  corresponding  to  those  of 

Senium  and  sulphur.     They  are  recognized  by  fusing  with  po- 

^Sfisium  carbonate,  by  which  p>otassium  telluride  is  formed,  which 

^SBolves  in  water  with  a  red  color,  and,  on  the  addition  of  hydro- 

^ric  add,  yields  the  disagreeably-smelling  compound,  hydro* 

pn  telluride. 


CHAPTER   V. 

THE  NITROGEN  GROUP. 

NITROGEN. 

^rwOol,  N.  Atomic  H'eighl,  14.01.  Valenee,  KL 

History. — The  fact  that  something  existed  in  the  atmosphere 
which  would  not  support  hfe  appears  to  have  been  observed  in 
1772  by  Dr.  Rutherford,  Professor  of  Botany  in  the  University 
of  Edinburgh,  He  confinned  the  correctness  of  his  observatioa 
by  treating  the  air  which  had  been  breathed  by  animals  with 
potassium  hydrate  to  remove  carbon  dioxide,  and  then  found 
that  the  residue  would  not  support  life  or  combustion.  In  con- 
sequence of  this  he  is  usually  given  the  credit  of  having  discovered 
the  element.  About  the  same  time  the  composition  of  air  was 
investigated  by  Priesdey,  Scheele,  Lavoisier,  and  Chaptal.  The 
last  suggested  the  present  name,  from  '(rpm,  nitre,  and  r^wam, 
I  produce,  since  it  was  found  to  be  a  constituent  of  saltpetre. 
Lavoisier  suggested  the  name  asofe,  which  is  still  retained  by  the 
French,  with  the  symbol  Az,  the  symbol  N  being  used  by  all 
other  nations. 

Occurrence, — In  the  free  state  nitrogen  constitutes  four-fifths 
of  the  atmosphere.  In  combination  with  sodium  and  oxygen,  it 
occurs  in  enormous  quantities  as  Chili  saltpetre.  Animal  and 
vegetable  substances  always  contain  a  distinct  quantity  of  it. 

Preparation. — (i)  Nitrogen  may  be  prepared  by  removing 
the  oxygen  from  the  air.  This  is  accomplished  by  attaching  a 
porcelain  crucible  or  crucible  lid  to  a  cork  so  that  the  two  will 
float  on  water.  The  pho.sphorus  is  placed  on  the  porcelain, 
ignited,  and  a  bell-jar  immediately  brought  over  the  whole,  so  as 
to  rest  with  its  rim  below  the  surface  of  the  water.  The  phos- 
phorus is  extinguished  so  soon  as  the  oxygen  is  all  consumed, 
and  after  cooling  the  water  rises  and  fills  one-fifth  the  volume  of 
the  jar.  The  remaining  four-fifths  are  nearly  pure  nitrogen. 
The  white  fumes  given  off  during  the  combustion  are  phosphorus 
pentoxide,  and  are  rapidly  dissolved  by  the  water.  The  residue 
on  the  crucible  lid  consists  of  some  uncombined  phosphorus  with 
phosphorus  trioxide. 

(2)  Nitrogen  may  also  be  prepared  by  removing  the  oxj^en— 
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■om  the  atmosphere  with  red-hot  copper.  The  copper  is  heated 
a  redness  in  a  glass  or  porcelain  tube,  and  air,  previously  purilied 
passing  it  over  sidphuric  acid  and  potassium  hydrate  to 
emove  organic  impurities,  moisture,  and  carbon  dioxide,  is 
tassed  over  it ;  almost  pure  nitrogen  results,  which  may  be  col- 
«ried  over  mercury,  or  over  water  if  a  very  litde  moisture  be  no 
objection, 

(3)  When  chlorine  is  passed  into  solution  of  ammonium  hy- 
drate, nitrogen  is  evolved : 

8NH,    +    3CI,    =    6NH,CI    +    N» 

It  b  %'ery  important  to  keep  the  ammonia  in  excess,  for,  should 

the  amount  of  chlorine  exceed  that  of  ammonia,  the  dangerously 

explosive  nitrogen  chloride  wUI  form.     This  process  is  not  to  be 

recommended  when  we  have  so  many  safer  and  simpler  ones. 

(4)  Solutions  of  ammonium  nitrate  and  ammonium  chloride 
lieated  together  evohe  both  chlorine  and  nitrogen,  according  to 
the  following  reaction : 

4NH.NO,    +    aNH^Cl    =    sN,    +    CI,    +    laH.O. 
The  chlorine  may  be  removed  by  passing  the  resulting  mixed 
Txscs  through  sodium  hydrate  solution  or  milk  of  lime, 

(5)  Ammonium  dichromate  when  heated  evolves  nitrogen  : 

{NH,),Cr,OT    =    Cr,Oa    +    4H,0    +     N,. 

The  ammonium  dichromate  for  the  above  method  is  formed 

*hen  potassium  dichromate  and  ammonium  chloride  are  heated 

together,  and  is  immediately  decomposed.     The  whole  reaction 

may  be  expressed  as  follows  : 

K^r^    4-    3NH«C1    =    Cr,0,    +     2KCI    +    4H,0    +    N, 

(6)  A  siinilar  method  consists  in  heating  ammonium  nitrite : 

NH,NO,    =    2H,0    +    tif 
TTie  ammonium  salt  in  this,  as  in  the  preceding,  case  is  decom- 
P'w*' at  the  moment  of  its  formation,  in  this  method  the  cheaper 
"nH  more  available  materials  being  potassium  nitrite  and  ammo- 
n'um  chloride ; 

KNO,    4-    NH^a    =    KO    +    N,    +    iH.O. 
Tne  gas  may  be  evolved  from  the  dry  salts,  but  it  comes  off 
*""  greater  regularity  when  they  are  previously  dissolved  in  a 
"l^e  water. 

Properties. — Nitrogen  is  a  colorless,  tasteless,  and  inodorous 
P^    lu  density  is  14,  making  it  a  trifle  lighter  than  air.     It  is 
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ver)'  slightly  soluWe  in  i»-ater,  loo  volumes  of  the  liquid  absorb- 
ing 1.5  volumes  of  the  gas  at  12.66^  ;  it  is  somewhat  more  soluble 
in  alcohoL 

Under  a  pressure  of  35  atmospheres  and  a  temperature  of 
— 146^  nitrogen  liquefies.  In  this  liquid  state  it  has  a  specific 
gra\'ity  of  0.885,  boils  at  — 194-4,  and  solidifies  at  — 214°. 

Nitrogen  is  neither  combustible  nor  a  supf)orter  of  combustion. 
In  the  free  state  it  is  remarkably  inactive  toward  all  other 
elements :  but  its  comp>ounds,  which  are  always  formed  by  in- 
direct means,  are  in  nearly  all  cases  very  active  ;  many  of  them, 
the  alkaloids  and  c\'anides,  for  example,  being  especially  active 
phj-siologically. 

Uses. — Nitrogen  is  useful  in  carrying  out  such  chemical  opera- 
tions as  require  the  exclusion  of  oxygen. 

THE  ATMOSPHERE. 

History. — Air  \»-as  considered  one  of  the  elements  by  the  an- 
cients, but  this  idea  was  broken  down  when  oxygen  was  dis- 
covered by  Priestiey  and  nitrogen  by  Rutherford,  over  a  century 
ago ;  and  the  relation  of  these  two  elements  to  the  atmosphere 
was  investigated  by  Lavoisier  and  Cavendish. 

Distribution. — Air  exists  at  the  surface  of  the  earth  and  to  an 
unknown  height  above  it.  It  is  estimated  by  some  to  be  a  layer 
fortv-five  miles  and  bv  others  two  hundred  miles  in  thickness. 

On  account  of  its  being  an  elastic  body  it  will  be  denser  at  the 
sea-level :  consequendy  we  must  consider  it  to  be  at  a  height 
of  forty-five  miles  a  gas  of  extreme  tenuity.  The  time  during 
which  twilight  is  visible  in  the  zenith  has  given  the  basis  on  which 
the  calculation  of  forty-five  miles  has  been  made  ;  but  it  has  been 
observed  that  meteors  ignite  at  a  distance  of  about  two  hundred 
miles  abo\e  the  earth's  surfece,  thus  rendering  it  probable  that 
there  is  some  resistance  at  that  height. 

^Veight. — Pure  dry  air  is  14.44  times  heavier  than  hydrogen, 
consequently  one  liter  at  o**  and  760  millimeters  pressure  weighs 
1 .  2932  gramme.  The  pressure  of  the  atmosphere  at  the  sea-level 
is,  therefore,  very  nearly  fifteen  pounds  on  every  square  inch  of 
surface,  equal  to  a  column  of  mercury  at  o**,  760  millimeters  in 
height  This  pressure  rapidly  diminishes  as  we  ascend  from  the 
sea-level. 

Composition. — The  atmosphere  is  made  up  of  seventy-nine 
volumes  of  nitrogen  and  twenty-one  volumes  of  oxygen.  There 
are  always  present  small  quantities  of  water,  carbon  dioxide, 
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ammonium  carbonate,  ammonium  nitrate,  sodium  chloride,  and 
parddes  of  floating  matter  generally  known  as  dust.  By  weight 
the  proportion  is  77  per  cent,  of  nitrogen  and  23  per  cent,  of 
oxygen.  The  proportion  of  carbon  dioxide  is  variable,  being 
on  an  average  0.03  per  cent.,  but  is  found  in  cities  often  as 
high  as  o.ii  per  cent.  The  amount  of  aqueous  vapor  is 
still  more  variable,  and  is  affected  by  local  causes,  as  tempera- 
ture and  altitude;  the  average  is  estimated  at  about  0.75  per 
cent  When  air  is  freed  from  carbon  dioxide  and  water  vapor, 
the  proportion  of  nitrogen  to  oxygen  is  found  to  be  remarkably 
constant.  All  the  great  number  of  analyses  made  of  air  during 
the  past  fifty  years,  by  many  different  investigators,  show  but 
slight  variations  from  the  figures  above  g^ven,  although  the 
samples  have  been  taken  from  all  parts  of  the  globe  and  from 
elevations  of  fourteen  thousand  feet.  The  constancy  of  these 
proportions  led  some  of  the  earlier  chemists  to  believe  that  air 
was  a  compound  of  oxygen  and  nitrogen,  but  in  view  of  certain 
properties  we  must  conclude  that  it  is  a  mechanical  mixture. 

Properties. — ^The  following  are  some  of  the  characters  which 
prove  it  to  be  a  mixture  ; 

(i)  The  physical  and  chemical  properties  of  a  mixture  of 
seventy-nine  volumes  of  nitrogen  and  twenty-one  volumes  of 
oxygen  are  exactly  the  same  as  air.  When  the  two  gases  are 
mixed  there  is  no  evidence  of  chemical  action,  the  temperature 
of  the  mixture  remaining  the  same  as  that  of  the  constituents. 

(2)  The  prof)ortion  in  which  the  two  elements  exist  in  air 
hears  no  relation  to  their  atomic  weights,  and  this  proportion 
has  been  found  to  vary  beyond  the  reasonable  error  of  analysis, 
while  a  chemical  compound  does  not  vary  in  the  proportion  of 
its  constituents. 

(3)  When  air  is  drawn  through  a  thin  layer  of  caoutchouc, 
that  which  passes  through  is  composed  of  about  forty-two  vol- 
tes of  oxygen  and  fifty-eight  volumes  of  nitrogen,  on  account 
^  the  property  that  oxygen  has  of  passing  through  this  medium 
Oiore  rapidly  than  nitrogen. 

(4)  On  agitating  air  with  water  until  the  latter  Is  saturated,  the 
^niposition  of  the  dissolved  gas  is  found  to  be  different  from 
tl^t  of  the  original  air  on  account  of  the  solubility  of  oxygen  in 
^^  being  greater  than  that  of  nitrogen. 

The  question  naturally  suggests  itself,  whether  the  continual 
pouring  into  the  atmosphere  of  so  much  carbon  dioxide  from  all 
sources,  the  animal  life  on  the  globe  as  well  as  the  product  of  so 
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much  decay  and  combustion,  has  not  changed  the  composition 
of  the  air  by  reducing  the  percentage  of  oxygen.  In  reply  to 
this  it  may  be  said  that  calculations  based  on  the  inhabitants  at 
one  thousand  millions,  and  the  amount  of  oxygen  used  in  other 
ways  at  ten  times  that  consumed  by  human  beings,  demonstrate 
that  in  eighteen  hundred  years  the  proportion  of  oxygen  in  the 
air  would  be  decreased  by  only  o.  i  per  cent. 

Analysis. — Moisture  is  determined  by  passing  known  quan- 
tities of  air  over  calcium  chloride  and  noting  the  increase  in 
weight  of  the  latter.  Carbon  dioxide  is  estimated  in  the  same 
manner,  using  potassium  hydrate  instead  of  calcium  chloride,  or 
the  air  is  passed  into  solution  of  barium  hydrate  and  the  resulting 
barium  carbonate  filtered  off  and  weighed.  Oxygen  is  estimated 
by  taking  a  definite  volume  of  pure  dry  air  in  a  eudiometer  tube 
over  mercury,  adding  a  measured  volume  of  pure  hydrogen,  and 
exploding  the  mixture  by  means  of  an  electric  spark.  After 
cooling  there  will  be  a  contraction  equal  to  the  volume  of  hydro- 
gen and  oxygen  which  have  combined,  the  resulting  volume  of 
water  being  so  small  as  to  be  disregarded. 

Other  less  accurate  methods  have  been  used,  but  none  of  them 
are  capable  of  the  san^e  exactness  as  the  above.  One  of  these 
is  to  pass  the  air  over  red-hot  copper  which  will  combine  with 
the  oxygen.  By  weighing  the  copper  before  and  after  the  opera- 
tion, and  weighing  or  measuring  the  nitrogen,  the  proportion  of 
the  two  gases  may  be  estimated.  Phosphorus  has  also  been  used 
for  removing  the  oxygen.  When  this  is  carried  out  in  a  tube 
over  mercury  the  resulting  volume  of  nitrogen  may  easily  be 
read  off. 

While  the  composition  of  air  under  ordinary  circiunstances  is 
constant,  it  may  in  crowded  halls  and  rooms  become  charged 
with  injurious  amounts  of  carbon  dioxide  and  other  compounds 
from  the  exhalations  of  the  individuals  present.  The  remedy 
for  this  is  perfect  ventilation,  which  consists  in  removing  the 
impure  air  as  well  as  in  admitting  that  which  is  pure.  Once  in 
the  outside  atmosphere,  the  impurities  rapidly  disappear  by  dif- 
fusion and  by  the  oxidizing  action  of  ozone  and  hydrogen  peroxide. 

PRACTICAL  EXERCISES. 

( I )  Place  a  small  piece  of  phosphorus  in  a  little  porcelain  crucible,  set 
them  in  a  shallow  vessel  of  water,  so  the  phosphorus  will  not  be  wet,  and 
ignite  it  by  touching  it  with  the  hot  end  of  a  file  or  other  convenient 
metal.  Immediately  bring  over  the  crucible  with  its  edge  dipping  into 
the  water  a  large  beaker  or  bell-jar.    Some  of  the  air  is  at  first  expelled  by 
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the  heat,  but  the  oxygen  is  rapidly  consumed  and  the  phosphorus  ceases 
to  bum.  When  the  apparatus  is  cooled  the  water  rises  in  the  beaker  or 
belHar  and  occupies  the  amount  of  space  previously  held  by  the  oxygen, 
the  remaining  space  is  filled  with  nitrogen. 

(2)  Prepare  a  larger  quantity  of  nitrogen  by  heating,  in  a  suitable  flask, 
potassium  nitrite  dissolved  in  a  solution  of  ammonium  chloride.  When 
the  reaction  b^ns,  the  heat  must  be  removed,  or  carefully  regulated  to 
prevent  too  rapid  evolution  of  the  gas.  Nitrogen  may  be  collected  over 
water  like  oxygen  or  hydrogen.  The  negative  properties  possessed  by  it 
may  be  noted  during  collection. 
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AMMONIA. 

Formuia,  NHj.  Molecular  Untight,  17.01. 

History. — Ammonium  chloride,  or  sal  ammoniac,  appears  to 
have  been  known  from  the  earliest  times,  and  the  aqueous  solu- 
tion of  the  gas  was  described  by  the  alchemists  under  the  name 
of  "spirits  of  hartshorn.**  Priestley,  in  1774,  was  the  first  to 
prepare  gaseous  ammonia,  by  heating  together  sal  ammoniac  and 
lime,  and  collecting  the  gas  over  mercury.  He  gave  to  this  gas 
the  name  of  "alkaline  air,"  which  later  became  **  volatile  alkali.** 

Occurrence  and  Formation. — Ammonia,  in  combination 
with  carbonic,  nitric,  and  nitrous  acids,  exists  in  the  air  in  minute 
quantities,  being  produced  by  the  decomposition  of  organic  mat- 
ter. It  b  found  in  the  Tuscan  lagoons,  probably  combined  with 
boron  nitride,  BN.  It  is  also  found  as  sulphate  and  chloride  near 
«tive  volcanoes,  having  been  produced  by  the  hot  lava  flowing 
over  fertile  soil  containing  nitrogen.  Ammonia  and  its  salts  are 
ionned  in  the  dry  distillation  of  many  organic  substances. 

Fonneriy  horns,  hoofs,  urine,  and  other  animal  products  were 
&tilled,  and  the  ammonium  carbonate  thus  produced  neutralized 
with  hydrochloric  acid,  the  product  after  sublimation  being  known 
%  sal  anmioniac  At  the  present  time  our  supply  is  obtained  by 
a  similar  process,  in  which,  however,  coal  is  the  material  used. 
Bituminous  coal  yields  on  distillation  about  2  per  cent,  of 
^ounonia,  which,  therefore,  occurs  in  the  ammoniacal  liquor 
formed  during  the  manu&cture  of  illuminating  gas.  In  addition 
to  free  ammonia  there  are  present  in  this  ammoniacal  gas-liquor 
the  carbonate,  sulphide,  sulphate,  and  thiosulphate.  The  gas- 
Kquor  is  usually  distilled  with  lime,  by  which  the  ammonia  is 
^berated  and  collected  in  a  suitable  receiver  with  some  water. 
^  distillate  is  neutralized  with  hydrochloric  or  sulphuric  acid, 
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and  the  resulting  ammonium  chloride  or  sulphate  purified  and 
used  for  preparing  the  other  ammonium  salts. 

Ammonia  is  also  formed  by  the  action  of  nascent  hydrogen  oa 
nitrous  or  nitric  acid.  Finally,  ammonia  is  produced  in  minute 
quantity  by  passing  the  electric  spark  through  a  mixture  of  nitro- 
gen and  hydrogen.  It  has  been  said  that  the  elements  do  not 
unite  directly,  and  this  appears  to  be  an  insignificant  exception 
to  that  statement.  It  is  improbable  that  such  combination  should 
take  place  to  any  great  extent,  since  ammonia  gas  is  decomposed 
by  the  electric  spark  into  its  constituents. 

Preparation. — Ammonia  gas  is  prepared  on  a  large  scale  by 
heating  together  in  a  glass  or  iron  retort  calcium  hydrate  and 
ammonium  sulphate  or  chloride  : 

(NH4)aS04    -f    Ca(OH)a    =    CaSO^    +    2NHa    +    aH^O 

Ammonium  Calcium  Calcium  Ammonia.  Water. 

Sulphate.  Hydrate.  Sulphate. 

For  laboratory  purposes  it  is  usually  preferable  to  heat  the  soIu« 
tion  of  ammonia  which  is  supposed  to  contain  ammonium  hydrate : 

NH4OH    =    NHa    4-    HjO. 

When  required  pure  the  gas  must  be  passed  over  calcium  oxide 
(quicklime)  to  remove  moisture,  and  collected  over  mercury.  As 
ordinarily  needed  it  may  be  collected  by  **  upward  displacement  ;** 
that  is,  by  holding  an  inverted  vessel  over  the  tube  from  which 
the  gas  is  escaping,  which  gas,  being  lighter  than  air,  rises  and 
fills  the  vessel. 

Properties. — Ammonia  is  a  colorless  gas,  of  a  pungent,  suf- 
focating odor  and  a  caustic  taste.  It  has  a  density  of  8.5,  being 
a  little  more  than  half  as  heavy  as  air.  The  gas  is  liquefied  by 
passing  into  a  tube  cooled  to  — 40°  by  means  of  a  mixture  of  ice 
and  calcium  chloride.  It  may  also  be  liquefied  by  subjecting  to  a 
pressure  of  from  six  to  seven  atmospheres  at  ordinary  tempera- 
tures. This  liquid  is  colorless  and  highly  refractive,  and  may  be 
solidified  by  cooling  to  — 75°.  At  — 38.5®  it  boils,  and  in  vapor- 
izing absorbs  large  quantities  of  heat.  On  account  of  this  prop- 
erty it  is  used  in  ice  machines  and  in  the  several  varieties  of 
cooling  apparatus  used  in  breweries. 

Ammonia  is  very  soluble  in  water,  one  volume  of  the  latter 
absorbing  1148  volumes  of  the  gas  at  o®,  and  about  600  volumes 
at  ordinary  temperatures.  This  solution,  which  is  official  in  two 
strengths,  will  be  described  later. 

Ammonia  is  not  a  combustible  gas,  although  if  it  be  mixed 
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with  a  small  quantity  of  oxygen  combustion  readily  takes  place 
on  the  application  of  flame,  with  the  formation  of  water,  nitrogen, 
and  nitric  acid.  Ammonia  b  alkaline  to  litmus  paper,  and  com- 
bines with  acids,  forming  the  well-known  ammonium  salts.  The 
ibnnula  NH«  represents  a  hypothetical  compound  which  has  many 
properties  in  common  with  those  of  sodium  and  potassium,  and 
will  be  treated  of  in  connection  with  them. 

Uses. — Anhydrous  liquid  ammonia  is  prepared  on  a  large 
scale  for  use  in  ice  machines.  It  comes  in  commerce  in  large  iron 
drums  strong  enough  to  withstand  the  pressure  necessary  to  keep 
it  in  the  liquid  condition.  The  aqueous  solution  of  ammonia  is 
used  largely  in  medicine  and  in  the  manufacture  of  pharmaceuti- 
cal preparations. 

Detection. — Ammonia  and  its  solution  are  easily  detected  by 
the  odor ;  in  smaller  quantities  by  bringing  over  the  suspected 
solution  a  piece  of  mobtened  red  litmus  paper,  which  will  be 
turned  blue.  Still  more  delicate  is  the  reaction  with  fumes  of 
hydrochloric  acid.  A  rod  moistened  with  the  diluted  acid  is 
brought  into  some  of  the  gas  or  over  some  of  the  warm  solution, 
when  immediately  white  fumes  of  ammonium  chloride  will  form. 
When  combined  with  acids,  ammonia  is  detected  by  first  liber- 
ating it  from  its  combination  with  an  alkali  like  potassium  or 
sodium  hydrate,  and  then  applying  one  of  the  above  tests  for  the 
gas,  or  the  solution  is  acidified  with  hydrochloric  acid  and  solu- 
tion of  platinic  chloride  added,  when  a  yellow  precipitate  of  am- 
monio-platinic  chloride— (NH4),PtCl^ — will  slowly  separate  out 
in  minute  crystals.  Einbrodt's  reagent,  consisting  of  a  solution 
of  mercuric  chloride  to  which  a  minute  quantity  of  an  alkaline 
carbonate  has  been  added,  will  detect  the  merest  trace  of  am- 
oonia  or  its  compounds,  if  the  latter  are  previously  made  alkaline, 
by  forming  a  white  precipitate  or  cloudiness.  Nessler's  reagent 
produces  a  brown  precipitate  with  ammonium  compounds,  or  if 
w  very  dilute  solution  a  brown  or  yellow  color.  This  reagent  is 
wade  by  adding  to  a  solution  of  mercuric  chloride  a  solution  of 
potassium  iodide  until  the  precipitate  at  first  formed  is  nearly  all 
'dissolved.  Solution  of  potassium  hydrate  is  then  added  to 
strongly  alkaline  reaction  and  the  liquid  allowed  to  settle  until  it 
•becomes  clear,  when  it  is  decanted  from  any  sediment. 

Aqua  Ammonlse,  U.  S.  P.  —  The  solution  of  ammonia  is 
^dal  in  two  strengths,  one,  agua  ammonia j  containing  lo  per 
^t,  by  weight,  of  the  gas,  and  the  other,  aqua  ammonia  for- 
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/tt?r,  containing  28  per  cent.,  by  weight,  of  the  gas.  That  of  10 
per  cent  strength  has  the  specific  gravity  0.960  at  15^,  and  the 
stronger  solution  has  the  specific  gravity  0.901  at  15*^.  The 
commercial  **F.  F.  F."  or  **20°"  water  of  ammonia  contains, 
about  14  per  cent,  of  the  gas. 

The  commercial  solution  of  ammonia  is  sometimes  prepared  by 
the  addition  of  milk  of  lime  to  gas  liquor  and  passing  the  result- 
ing gas  into  water,  but  it  is  difficult  to  purify  such  gas  fi'om  em— 
pyreumatic  products.  This  is  accomplished  in  great  part  by- 
passing the  gas  through  a  number  of  wash-botdes,  and  ther^ 
through  a  series  of  tubes  containing  charcoal. 

The  solution  is  usually  made,  however,  especially  for  medici  — 
nal  purposes,  by  heating  ammonium  chloride  or  sulphate  wi 
milk  of  lime : 

2NH4CI    -f    Ca(OH)a    =    CaCla    +    2NH8    +    2HaO. 

The  gas  is  first  passed  through  a  litde  water  to  wash  it, 
then  into  a  series  of  vessels  filled  with  water,  in  which  it  is  a. 
sorbed.     The  vessel  nearest  the  generator  becomes  saturated  fi 
and  is  removed,  the  others  are  moved  up  to  take  its  place,  an 
vessel  of  fresh  water  is  attached  at  the  end. 

Properties. — Solution  of  ammonia  is  a  colorless,  transpar* 
liquid  with  the  pungent  alkaline  odor  and  taste  of  the  gas. 
the  application  of  heat  the  solution  evolves  ammonia  gas 
temperature  considerably  below  the  boiling  point  of  water, 
gas  may  also  be  removed  by  passing  air  into  the  soludon. 
this  case  there  is  a  great  absorption  of  heat  by  the  escaping 
With  the  stronger  solution  it  is  said  that  a  temperature  of — . 
may  be  attained  and  a  small  quanuty  of  mercury  frozen. 

Spiritus  Ammoniac,  U.  S.  P. — This  is  an  alcoholic  so^^*^- 
tion  of  ammonia  containing  10  per  cent,  by  weight,  of  the 
The  gas  is  recommended  to  be  prepared  by  headng  the  stroo^j 
aqueous  solution,  and  the  alcohol  is  directed  to  be  recendy 
tilled.     It  would  probably  be  better  to  distil  the  alcohol  fro: 
litde  sodium  hydrate,  and  then  the  darkening  which  it  isintea 
to  avoid  would  not  occur.     The  specific  gravity  of  the  alcoh. 
solution  is  about  0.810  at  15.** 

Impurities  and  Tests. — The  same  tests  for  purity  appl 
all  the  official  solutions  of  ammonia.     All  should  volatilize 
out  residue.     No  empyreumatic  odor  should  be  developed 
supersaturating  some  of  the  solution  with  sulphuric  acid.    All 
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lolutioiis  should  remain  clear  on  mixing  u-ith  five  volumes  of 
ime  \h*ater,  indicating  the  absence  of  carbonates.  Hydrochloric 
icid  when  present  may  be  detected  by  supersaturating  with  nitric 
icid  and  adding  silver  nitrate. 

Sulphuric  acid  may  be  detected  by  similarly  saturating  with 
[litric  acid  and  adding  solution  of  barium  chloride.  Metallic  im- 
purities may  be  detected  by  the  addition  of  hydrogen  sulphide, 
and  calcium  salts  by  the  addition  of  ammonium  oxalate. 

PRACTICAL  EXERCISES. 

(i)  In  a  test-tube  or  evaporating  dish  mix  equal  quantities  of  powdered 
ralchim  oxide  (quicklime)  and  ammonium  chloride,  with  a  few  drops  of 
water ;  the  odor  of  ammonia  will  be  immediately  developed.  In  smaller 
quantities  the  gas  may  be  recognized  by  holding  over  the  mixture  a  strip 
of  moistened  red  litmus  paper,  which  will  become  blue. 

(2)  Prepare  a  larger  quantity  of  the  gas  by  heating  in  an  ordinary  flask 
some  ammonia  water ;  at  comparatively  low  temperatures  the  gas  is 
evolved  freely.  If  it  be  desired  to  dry  the  gas  it  is  accomplished  by  pass- 
log  it  over  quicklime. 

Ammonia  is  collected  by  upward  displacement;  that  is,  by  passing  the 
ddivery-mbe  upward  into  a  test-tube  or  jar  inverted  over  it  The  gas  being 
Bghter  than  air  rises  and  displaces  the  latter. 

15)  Place  a  vessel  filled  with  ammonia  gas,  mouth  downward,  into  some 
water  and  agitate  slightly ;  the  water  will  rise  in  the  vessel  rapidly,  nearly 
fSSBBD%  it,  showing  the  great  solubility  of  the  gas  in  water. 
U)  On  applying  a  lighted  taper  to  the  gas  the  latter  does  not  bura ;  if, 

bowever,  it  be  mixed  with  oxygen  it  will  ignite  readily.    A  lighted  taper 

it  extinguished  when  plunged  into  the  gas. 

DIAMINE,  N.H^. 

HYDRAZINE. 

This  compound  was  discovered  In  1887,  and  is  obtained  u*hen  certam 
nitrogenous  organic  compounds  are  decomposed.  In  many  respects  it 
■resembles  ammonia,  being  a  colorless  gas»  with  a  peculiar  ammonlacal 
odor  and  a  strong  alkaline  reaction.  It  is  very  soluble  in  water,  forming 
»  hydrate  of  the  formula  N2H4.H2O.  This  combines  with  acids  like  am- 
™<*ia,  bm  with  twice  the  combining  power,  the  formula  of  the  sulphate 
**°>8  NjH^H^^,  and  the  chloride  NaH4^Ha),. 

HYDROXYLAMINE.  NHaOH. 

"TWs  compound  is  prepared  by  the  action  of  nascent  hydrogen  on  some 
^^ysw  compound  of  nitrogen,  for  example,  nitric  acid : 

HNO,    -f    3Ht    =    NHjOH    -!-    2HaO. 
like  ammonia  and  hydrazine,  it  Is  soluble  in  water.    This  solution, 
^kh  is  the  only  form  in  which  it  is  known,  is  a  colorless,  odorless,  alka- 
™,  and  stron^y  reducing  liquid,  which  precipitates  the  metals  gold, 
"**^^^,  and  alver  from  solutions  of  their  salts. 

"5 
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On  the  application  of  heat  to  the  solution  partial  decomposition  takes 
place,  ammonia,  hydroxylamine,  and  water  distilling. 

Hydroxylamine  unites  with  adds,  the  chloride  having  the  formula 
NHtOH.HCl,  or  NH4OCI. 

NITROGEN   AND   CHLORINE. 

NITROGEN  CHLORIDE,  NCI,. 

Preparation. — It  is  prepared  by  acting  on  ammonium  chloride  with 

chlorine : 

NH4CI    H-    3Cla    =    NCla    +    4HCI. 

It  is  also  formed  when  solution  of  ammonium  chloride  is  submitted  to 
the  electric  current ;  the  chlorine  which  forms  at  the  positive  pole  acts  on 
the  ammonium  chloride.  In  order  to  obtain  the  pure  product,  the  oil 
which  separates  in  one  of  the  above  methods  is  well  washed  with  cold 
water  to  remove  ammonium  chloride  and  then  dried  in  a  current  of  chlo- 
rine. 

Properties. — Nitrogen  chloride  is  a  yellow  oil  of  the  specific  gravity 
1.653.  It  possesses  a  disagreeable,  pungent  odor,  and  the  vapor  wliich 
always  escapes  on  exposure  to  air  attacks  the  eyes.  It  is  one  of  the  most 
violent  explosives  known.  The  explosion  takes  place  on  the  slightest 
provocation,  as  exposure  to  sunlight  or  contact  with  many  kinds  of 
organic  matter,  as  caoutchouc  or  turpentine. 

NITROGEN  IODIDE,  Nlg. 

Preparation. — It  Is  prepared  by  powdering  a  little  iodine  in  a  mortar 
and  covering  with  solution  of  ammonia ;  after  standing  ten  minutes  the 
insoluble  portion  is  collected  on  a  filter. 

Properties. — ^While  moist,  nitrogen  iodide  is  comparatively  safe  in 
small  quantities,  but  so  soon  as  it  becomes  dry  it  explodes  on  the  slightest 
touch.  It  is  a  black  powder,  and  is  variously  stated  by  different  authors 
to  have  the  composition  NTs  or  NHIg.  It  is  probable  that  the  substance 
obtained  as  above  described  is  a  mixture  of  two  or  more  compounds. 

NITROGEN  FLUORIDE,  NFa. 

This  is  prepared,  like  nitrogen  chloride,  by  the  electrolysb  of  ammo* 
nium  fluoride.    It  is  a  highly  explosive  compound. 

NITROGEN   AND   OXYGEN. 

Nitrogen  combines  with  oxygen  in  five  diflTerent  proportions, 
three  of  which  form  acids,  as  follows  : 

Oxides.  .  Acids. 

Nitrogen  monoxide,  NgO.  Hyponitrous  acid,  HNO. 

Nitrogen  dioxide,  NaOg. 

Nitrogen  trioxide,  NgOg.  Nitrous  acid,  HNO^ 

Nitrogen  tetroxide,  NgO^. 

Nitrogen  pentoxide,  NgO^.  Nitric  acid,  HNO,. 
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NITROGEN  MONOXIDE. 

Forwtula,  NxO.  Molecular  Weight,  43.98. 

History. — Nitrogen  monoxide,  which  is  also  known  by  the 
names  nitrous  oxide  and  laughing  gas,  was  discovered  by  Priest- 
ley in  1772. 

Preparation. — ^This  gas  is  formed  when  zinc  b  dissolved  in 
<£lated  nitric  acid : 

4Zn    4-    loHNOa    =    4Zn(NOa)t    +    N^G    +    sHjO. 

Zinc  Nitric  Zinc  Nitrogen  Water. 

Acid.  Nitrate.  Monoxide. 

The  usual  method  of  preparing  the  gas  is  by  heating  ammo- 
nium nitrate  to  200^,  when  it  is  decomposed  into  water  and 
nitrogen  monoxide. 

NH4NOa    =    NaO    +    aHtO. 

Ammoniam         Nitrogen  Water. 

Nitrate.  Monoxide. 

The  most  probable  impurity  in  ammonium  nitrate  is  ammonium 
dikmde,  which  would  occasion  the  presence  of  chlorine  in  the 
gas.    It  is,  therefore,  best  to  pass  the  gas  through  three  wash- 
bottles,  one  of  ferrous  sulphate  solution  to  remove  the  other 
oxides  of  nitrogen,  one  of  sodium  hydrate  solution  to  remove 
dilorine,  and,  finally,  one  of  pure  water.     Since  one  volume  of 
water  absorbs  three-fourths  of  a  volume  of  nitrogen  monoxide, 
a  larger  yield  is  obtained  by  warming  the  water  over  which  it  is 
collected.     On  the  large  scale  it  is  customary  to  use  iron  retorts, 
and  after  [)assing  the  gas  through  the  washings  above  meptioned 
to  run  it  into  large  gasometers  over  water,  taking  care  to  keep 
the  same  water  in  constant  use,  as  after  the  latter  is  once  saturated 
there  is  comparatively  little  loss. 

Properties. — Nitrogen  monoxide  is  a  colorless  gas  of  a  faint, 
peculiar  odor  and  a  sweetish  taste.  It  is  twenty-two  times  heavier 
than  hydrogen.  Under  ordinary  atmospheric  pressure  it  liquefies 
at— 88°,  and  at  — 100**  becomes  solid.  It  may  also  be  liquefied 
at  0°  by  a  pressure  of  thirty  atmospheres.  Liquid  nitrogen 
"monoxide  is  colorless  and  very  mobile,  and  has  a  specific  gravity 
<^' 0.9369  at  0°.  A  drop  of  the  liquid,  when  brought  in  contact 
]*ith  the  skin,  will  cause  a  blister,  and  water  poured  on  the  liquid 
^5  inrimediately  frozen,  producing  at  the  same  time  an  explosive 
evolution  of  the  gas.  Carbon  disulphide  dissolves  the  liquid,  and 
on  bringing  the  mixture  under  the  receiver  of  an  air-pump  and 
exhausting,  the  temperature  of  the  solution  may  be  reduced  to 
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Gaseous  nitrogen  monoxide  supports  the  combustion  of  ms 
substances  almost  as  activ^y  as  oxygen. 

Uses. — ^The  gas  b  extensvely  used  by  inhalation  in  mi 
surgery  and  dentistry,  where  a  short  anaesthetic  efiect  is  desii 
For  this  purpose  the  gas  must  be  perfecdy  pure.  One  of 
greatest  safeguards  is  to  have  pure  anunonium  nitrate  from  wb 
to  make  it  When  mixed  with  air  or  oxygen  the  gas  produ 
a  condition  of  partial  insensibility,  in  which  the  patient  oi 
becomes  hysterical,  lat^^hing  immoderatdy,  hence  the  na 
laughing  gas. 

It  is  manu&urtured  on  a  large  scale,  and  pumped  into  stn 
steel  cylinders  under  a  pressure  of  sixty-five  atmospheres,  anc 
a  temperature  of  5®  to  lo**.  There  are  two  sizes  of  these  cy 
ders,  one  containing  one  hundred  gallons,  and  the  other  t 
hundred  and  fifty  to  fi\'e  hundred  gallons  of  the  gas.  The  o 
tents  of  the  small  cylinders  we%h  about  one  and  a  half  poun 
that  of  the  large  cylinders  about  se\-en  pounds.  The  gas  is  dra 
into  rubber  bags  before  administering,  as  a  low  temperatun 
caused  by  its  rdease  firom  pressure.  A  solution  of  the  gas,  un« 
the  name  of  **  nitrous  oxide  water,"  is  made  by  forcing  it  u 
water  under  a  pressure  of  five  atmospheres.  This  solution  is 
puted  to  have  some  medicinal  \'alue 

PRACTICAL  BXBRCISSS. 

(i)  Heat  a  small  quantity  of  ammonium  nitrate  in  a  test-tube, 
which  is  attached  a  delivery-tube,  as  in  the  preparation  of  oxygen.  1 
gas  is  nitrogen  monoxide  and  may  be  collected  over  water. 

(2)  Plunge  a  lighted  taper  into  the  gas;  it  is  not  combustible,  bt 
iiKreases  the  energy  of  the  combustion  of  the  taper ;  it  is,  therefore, 
a  combustible  gas,  but  it  supports  combustion  with  an  energy  aln 
eijual  in  many  cases  to  that  of  oxygen. 

HYPONITROUS  ACID. 
Formula^  HNO.  Molecular  Weighty  30.97. 

This  acid  is  known  only  in  dilute  solution  or  in  combination  with  ccrl 
lv\se<«.  When  an  aqueous  solution  of  potassium  nitrate  is  treated  1 
"^iMHinu  nn\alg:am  in  the  proportion  of  four  atoms  of  sodium  to  one  mt 
\  n!»*  of  llio  !\\lrate,  |>otassium  hyponitrite  is  formed : 

KNO,    -h    2Ha    =    KNO    +    aHjO. 

t  ^\\  \\\\v^\\\\  uo\Urali«ing  u-ith  acetic  acid,  and  adding  «lver 
u  llnw   nuni\^i\i\U>  \M  siKvr  h\-ponitrite,   AgNO,  separates. 
'"  HH  h»M  \s\\  x\  w^btilo  vNMu^HHmd  of  h\-ponitrous  acid,  it  is  probable t 
•• '  liMinul\  U  n^N^\V  ^^  dv^uble  that  above  given.    This 
"I'M.  »M  \K\yss\  \y^  \\^y.  x.^yyy  y\y^y  j.^^^  ^  ^^  ^cid  salts  have 
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virluch  would  require  the  presence  of  two  hydrogen  atoms  in  the  molecule. 
AJl  the  salts  are  quite  unstable. 

NITRIC  OXIDE,  OR  NITROGEN  DIOXIDE. 

Formula,  NO,  or  NtOs.  Molecular  Weight,  59.94. 

Preparation. — ^When  nitric  acid  is  added  to  copper  turnings, 
a  suitable  vessel,  nitrogen  dioxide  is  evolved  : 

3CU    -h    SHNOs    =    3Cu(N08)a    +    NaO,    -h    4H8O. 

Mercury,  silver,  and  some  other  metals  will  also  give  this  result. 

s  it  comes  off  at  first  the  gas  is  of  a  reddish  color,  but  when 

e  air  is  all  driven  out  the  compound  becomes  colorless  and  may 

en  be  collected  over  water.     As  prepared  in  this  manner  the 

is  not  quite  pure,  but  it  may  be  purified  by  passing  it  into  a 

Id,  concentrated  solution  of  ferrous  sulphate,  which  absorbs  it, 

d  afterward,  when  heated,  gives  it  off  pure.     Nitrogen  dioxide 

y  more  readily  be  obtained  pure  by  acting  on  ferrous  sulphate 

th  potassium  nitrate  and  sulphuric  acid  : 

4  -h  2KNO8  -J-  5HaS04  =  3Fea(  504)3  +  2KHSO4  -h  4H8O  -{-  NaOg. 

^^troos      Potassium    Sulphuric  Ferric  Acid  Water.    Nitrogen 

'  Iphate.       Nitrate.  Acid.  Sulphate.  Potassium  Dioxide. 

Sulphate. 

The  proportions  for  the  above  reaction  are  30  grammes  of  po- 
>ium  nitrate,  240  grammes  of  ferrous  sulphate,  and  250  c.c. 
a  mixture  of  one  volume  coijcentrated  sulphuric  acid  and  three 
'^'"CDlumes  of  water. 

Properties. — Nitrogen  dioxide  is  a  colorless  gas.     It  is  not 
Hcquefied  by  a  temperature  of  — no®  or  a  pressure  of  fifty  atmos- 
leres.     It  combines  with  the  oxygen  of  the  air,  forming  red 
les  of  the  tetroxide.     It  is  not  a  combustible  gas  nor  does  it 
ipport  ordinary  combustion.     Phosphorus  when  melted  will  not 
in  it,  but  if  previously  ignited  it  will  burn  with  great  bril- 
incy.     A  mixture  of  nitrogen  dioxide  and  carbon  disulphide, 
'^^lien  ignited,  bums  with  a  blinding,  bluish-white  flame,  which  is 
■"^markable  for  its  chemically  active  rays. 

NITROGEN  TRIOXIDE. 

Formula,  N1O9.  Molecular  Weight,  75.90. 

Preparation. — ^When  nitric  acid  of  specific  gravity  1.35  is 
*^^ated  with  starch,  orange-red  fumes  are  evolved,  which  consist 
^f  a  mixture  of  nitrogen  trioxide  and  tetroxide.  On  passing 
^csc  vapors,  mixed  with  nitric  oxide,  N^Og,  through  a  hot  tube 
^lid  then  into  a  vessel  surrounded  by  a  freezing  mixture,  the  pure 
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tiioxide  wiO  be  obtained.  The  mixed  vapors,  when  cooled,  form 
a  green  liquid ;  but  pure  trioxide,  at  — lO^,  is  an  indigo-blue 
liquicL  It  does  not  sc^diK-  at  — ^Q^y  and  at  o^  the  liquid  begins 
to  decompose  into  N,0,  and  SJJ^.  With  a  small  quantity  of 
water  nitrogen  trioxide  k>rms  nitrous  acid : 

With  a  large  quantity  of  water  decomposition  takes  place  and 
nitric  add  results. 

NITROUS  ACID. 


FanmmlMy  HNOs.  MoUcmLw  U'<ifkl^  46.93. 

Preparation. — This  acid  is  prepared  by  adding  liquefied  nitro- 
gen trioxide  to  ice  water.  It  is  so  unstaUe  that  it  cannot  be 
obtained  in  a  state  of  purit>\  It  is  a  blue  hquid,  which  is  readily 
decomposed  into  nitric  add  and  nitric  oxide. 

Nitrites. — ^The  salts  of  nitrous  add  are  quite  stable  com- 
pounds, and  are  usually  prepared  by  cardiiOy  heating  the  nitrates. 
On  account  of  their  solulnlitv  in  alcohol  this  substance  is  used  to 
separate  the  nitrite  from  the  undecomposed  nitrate.  The  addition 
of  copper  or  lead  is  often  resorted  to  in  order  to  Volitate  the 
reduction  by  combining  with  the  liberated  oxygen. 

The  nitrites  are  distinguished  from  the  nitrates  by  gi\'ing  off 
reddish  fiunes  on  the  addition  of  adds.  AH  the  nitrites  are  sol- 
uble in  water,  and  most  of  them  are  soluble  in  alcohoL 

NITROGEN  TETROXIDE,  OR  PEROXIDE. 

FarmmJa,  NtOi,  or  NOt.  MoUcmlmr  VV^fA/,  91.8S. 

Preparation. — ^This  compound  b  prepared  by  bringing  to- 
gether t\i'o  volumes  of  nitric  oxide,  NO,  and  one  volume  of 
oxA'gen.  The  resulting  red  gas  may  be  condensed  to  a  liquid,  or 
e\'en  to  a  solid,  by  passing  it  into  a  tube  immersed  in  a  freeezing 
mixture. 

Many  nitrates  on  heating  gi\-e  off  this  gas.  Lead  nitrate  is  • 
usually  employed : 

2Pb(N03>,    =    2PbO    -    2N,04    -    O,. 

Lead  Lead  XUfogga       Oxr^cs. 

Nitrate.  Ghctde.  Tctroxide. 

The  \-apors  of  the  tetroxide  are  separated  from  the  oxygen  by  "^ 
passing  the  two  through  a  freezing  mixture,  whereby  the  former^a 
is  condensed. 

When  arsenous  oxide,  AsjO,,  is  gendy  heated  in  a  retorts 
with  nitric  add  of  the  specific  gTa\4t>-  1.393,  the  tetroxide  b 
given  off  abundandy,  and  condensed  as  described  above : 
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As,Os    +    4HNO8    =    AsjOa    -f    2Na04    +    2H,0. 

Arsenous  Nitric  Arsenic  Nitrogen  Water. 

Oxide.  Acid.  Oxide.  Tetroxide. 

The  small  amount  of  nitrogen  trioxide,  NgOg,  which  is  pro- 
<luced  at  the  same  time,  may  be  converted  into  the  tetroxide  by 
j)assing  a  slow  stream  of  oxygen  into  the  condensed  vapors. 

Properties. — Nitrogen  tetroxide  is  a  liquid  which  shows  some 
xemarkable  changes  of  color :  at  — 9°  it  solidifies  to  a  mass  of 
colorless  crystals,  when  liquefied  at  a  little  above  this  tempera- 
ture it  is  still  free  from  color,  but  commences  to  darken,  and 
-when  the  temperature  reaches  o^  it  is  yellow.  Above  this  it 
^pradually  shades  into  a  brown,  until  at  22°  it  boils,  giving  off 
<ieep,  reddish-brown  fumes.  At  a  little  above  the  boiling  point 
it  has  a  vapor  density  nearly  represented  by  the  formula  Nfi^^ 
but  as  the  temperature  increases  the  vapor  become  darker  in 
croJor,  and  at  140^  the  density  corresponds  to  the  formula  NO^. 

The  liquid  is  very  corrosive  and  a  powerful  oxidizer,  and  the 
'times  are  very  irritating.  With  water  nitrogen  tetroxide  decom- 
into  nitric  acid  and  nitric  oxide. 


NITROGEN  PENTOXIDE. 

Formula,  NsOs.  Molecular  Weighl^  107.82. 

Preparation. — When  dry  chlorine  is  passed  over  dry  silver 
'titrate  in  a  U  tube  heated  to  95**,  there  is  first  formed  nitrosyl 
^Aloride,  NOjCl,  which  by  further  action  on  the  silver  nitrate  at 
gives  nitrogen  pentoxide : 

AgNOs    +    CI,    =    NOjCl    +    AgCl    -f    O, 
AgNOs    +    NOaCl    =    NjOg    -\-    AgCl. 

It  is  also  prepared  by  adding  phosphorus  pentoxide  to  anhy- 
us  nitric  acid  cooled  to  0°,  and  carefully  distilling  the  mixture 
^  retort  attached  to  a  well-cooled  receiver  : 

2HNO8    +    PaOa    =    NaOg    +     2HPO8. 

"The  products  are  nitrogen  pentoxide  and  metaphosphoric  acid. 
t^ropcrties. — Nitrogen  pentoxide  is  a  white,  colorless,  crys- 
ine  solid.  The  crystals  melt  at  29.5®  to  a  dark-yellow  liquid, 
^''Hich  boils  with  decomposition  at  45^  into  nitrogen  tetroxide  and 
^3^gen. 

When  heat  is  applied  suddenly  this  decomposition  takes  place 
'^th  explosive  violence.     It  dissolves  in  water  with  evolution  of 
^^at  and  forms  nitric  acid : 

NgOa    -f    HaO    =    2HNO8. 
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\Vb5s  !]rcceri  E:::  m* — at  vr^  nirx  aaryn-nrrss,  as  phosphorus 

Xirr:^*^  >5m:;iij£  cicihcre*  wi±  riniz  aof  E?  SjCtd  pemitric 
aoi.  biT=^  ui-e  3:r=:=La  N,0^2KN0^  "Hds^  s  2  liiquSd  at  or- 
dinary :!£=iperar=res.  havir;^  '±it  spednr  ^:^-*ri  2-6+2  ai  18^,  but 
is  crvsjaZin*  ai  3*.     k  ccrresci^cos  tc  ;fyc'ri 

XITRiC  ACID 

History. — S'viii'Z  add  w^s  zre^^incd  ry  Gecer.  Ea  the  eig^hth 
cesr^.".  by  the  iiicZad-in  -zz  sslzzKzrt  wr^i  ahsn  or  copper  sul- 
phate. The  :::=:pi:«5>=  «  the  azii  ^racs  arse  zsade  knoiini 
ihr  >u^h  the  htvescgado::*  c<  Livccaer.  in  177^.  aad  Cavendish, 

Occurrence  and  Formation. — XhiSc  »cad  2?  aoc  iband  in  the 
tree  fc^te  In  z^mre,  bet  in  on:htna6>n  wnh  podssznm.  sodium, 
calcfun:  m-i^esinm.  and  an:nt>nh:n:  it  i?  «3e!y  dsscribated.  In 
warm  : .  -ntrie^  thtse  sals  occiir  as  an  eSorescexftce  on  the  sur&ce 
c:  the  ground  and  Trails  where  organic  nirrrr  is  decaying.  The 
Largest  kn:Tn  deporstts  are  the  nitrare  of  soda  beds  in  the  prov- 
inces of  TiTit^iza  and  Atacanv*.  rainless  discncts  on  the  Peni\-ian 
c>i*t.  The  ^rl^-in  of  these  great  de^jtsts  is  a  maner  of  conjec- 
ture, bet  ;t  hi=  been  ^Ti^es^ed  that  ihey  are  the  resnk  of  the 
de-ton: >.,-=:t; :  r.  :  f  ^^ea  plants  and  aniniai^  deposited  by  the  receding 
ocean. 

The  :.r>d-j:t::'n  of  r^jtassium  nitrate  i>  carried  oat  arti£ciaUv 
in  the  nitre  :/. intuitions  of  India.     This  was  tormeriv  the  chief 

m 

s  yjrce  of  the  a  . r! d '  s  ^u:  p" y  of  potassium  si]:  or  sahpore.  Animal 
matter  :=  n::Trrd  with  linte  and  ashe>,  and  ihe  mass  C3qx»ed  to  the 
air  but  -rhe'tered  fron^  the  rain.  The  pile  i>  kept  m<»stened  with 
ur'ne  for  three  veors,  whtn  it  is  lijcixnated  with  water.  A  cubic 
meter  Ls  ->a:d  to  yield  twenty*  kilos,  of  nitre. 

Nitric  a '-id  i^  !om-.ed  when  hydrc«gen  is  burned  in  oxygen  con- 
lai.ning  a  -ma"  quantity  of  nitrogen. 

When  air  in  a  glass  globe  is  submitted  to  a  series  of  dectric 
sparks,  red  funies  of  nitr''»2:en  tetroxide  are  formed,  whidi  in  the 
presence  of  water  are  decompnosed  \i-ith  the  formation  of  nitric 
acid.  When  the  air  is  compressed  the  production  of  red  fumes 
b  increased. 

Preparation. — On  the  ^ntrtl!  scale  nitric  acid  is  prepared  by 
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iieadng  in  a  glass  retort  equal  parts  of  potassium  nitrate  and 
sulphuric  acid : 

KNO,      +      H,SO,      =      KHSO«      +      HNO,. 

Pouuium  Sulphuric  Acid  PotuBium  Nilric 

Nltnlc.  Acid.  Sulphate.  Acid. 

The  apparatus  becomes  filled  with  reddish-brown  vapors,  and 
the  liquid  which  condenses  has  a  yellowish  color  on  account  of 
the  presence  of  nitr<^^n  tetroxide.  The  absolute  acid  is  prepared 
by  placing  the  above  distillate  with  2  volumes  of  concentrated 
sulphuric  acid  in  a  retort  connected  with  a  well-cooled  receiver. 
and  applying  a  gende  heat.  The  distillate  in  this  case  is  freed 
from  color  by  warming  gently  and  passing  through  it  a  current 
of  air  to  remove  the  fumes  of  the  lower  oxides  of  nitrogen.  The 
acid  can  in  this  way  be  made  to  contain  about  99.5  per  cent,  of 
HNO^ 

On  the  large  scale,  in  an  apparatus  similar  to  that  shown  in 
Fi^.  55, 700  parts  of  sodium  nitrate  or  Chili  saltpetre  are  heated 


Fig.  55. 


**  a  cast-iron  retort,  A,  with  600  parts  of  sulphuric  acid  of  the 
^p^cific  gravity  1.84,  and  the  retort  connected  with  25  receivers. 
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B,  B,  which  contain  such  a  quantity  of  water  as  will  make  the  acid 
of  the  specific  gravity  1.35  to  1.42,  The  product  in  this  case 
contains  chlorine  and  iodic  acid,  and  is  purified  by  distilling  from 
glass  retorts.  The  chlorine  passes  over  first,  then  the  receivers 
are  changed,  when  the  pure  acid  comes  over  until  only  a  small 
residue  is  left  in  the  retort ;  this  residue  contains  iodic  add, 
sulphuric  acid,  and  sodium  sulphate.  Half  the  quantity  of  sul- 
phuric add  may  be  used  in  the  above  processes,  when  neuUal 
sodium  sulphate  will  remain  in  the  retort : 


sNaNOa 


NaaSO«    +    iHNO^ 


While  this  is  more  economical  of  original  material,  the  higher 
heat  necessary  causes  a  greater  decomposition  of  nitric  acid  and 
a  more  destructive  action  on  the  retort.  The  resulting  sodium 
or  potassium  sulphate  is  more  difficult  to  remove,  as  it  remains  as 
a  hard,  solid  mass,  while  the  acid  sulphate  is  in  a  liquid  condition 
at  a  moderate  temperature  and  may  be  poured  out. 

Properties. — Nitric  acid  is  a  colorless,  fuming,  very  corrosive 
liquid.  When  absolute,  it  has  a  specific  gravity  of  1-530,  and 
commences  to  boil  at  86°,  but  on  account  of  partial  decompo- 
sition into  water,  nitrogen  tetroxide,  and  oxygen,  the  tempera- 
ture rises,  until  at  120.5°  3  liquid  containing  68  per  cenL  of  the 
acid  distils  over  unchanged,  and  has  a  specific  gravity  of  1.414 
at  15°.  When  a  weaker  acid  is  heated,  water  is  first  given  off 
until  the  acid  attains  the  strength  of  the  above,  when  it  distils 
unchanged.  Acidum  Nitricum,  U.  S.  P.,  has  a  specific  gravity  j 
of  1.42.  and  contains  69.4  per  cent,  of  absolute  nitric  acid,  and 
closely  corresponds  to  the  commercial  nitric  acid. 

Nitric  acid  is  a  powerful  oxidizing  agent.     It  first  oxidizes 
most  of  the  metals  and  then  dissolves  them,  forming   nitrates. 
Sulphur,  phosjihorus,  and  carbon  are  oxidized  by  it  to  oxides  or 
acids.     Many  organic  bodies,  like  turpentine,  are  inflamed  at 
once  on  coming  in  contact  with  it,  while  other  organic  compounds 
are  merely  turned  yellow.      A  number  of  substances,  like  colto*^ 
and  benzene,  undergo  a  process  of  mtralion  when  brought   if 
contact  with  the  concentrated  acid.     In  this  operation  the  gro».»p 
NO3  replaces  hydrogen  in  the  compound.     With  cotton  or  cell  *>■ 
lose,  gun  cotton  (cellulose  nitratel  is  formed,  with  glycerin,  *^* 
troglycerin  (glyceryl  nitrate),  and  with  benzene,  nitrobenzene- 

The  T^  fuming  nitric  acid  differs  from  the  ordinary  variety    "^ 
containing  the  oxides  of  nitrogen  in  solution.     It  is  usual!/ 


It  IS  usually 2£ 
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pared  by  the  method  mentioned  above,  in  which  a  quantity  of 
sulphuric  add  is  used  sufficient  to  decompose  the  nitre  with  for- 
mation of  neutral  sodium  sulphate.  The  high  heat  necessar>'  to 
carry  out  this  process  decomposes  a  part  of  the  nitric  acid  with 
the  formation  of  red  fumes. 

Detection. — Nitric  acid  is  easily  detected  by  its  action  on 
copper,  which  it  dissolves  with  a  blue  color,  giving  off  abundant 
brown-red  fumes  at  the  same  time.  When  wool  and  sLk  are 
brought  in  contact  with  strong  nitric  acid  they  are  colored  yellow, 
aiid  the  color  is  not  discharged  by  ammonia.  The  acid  destroys 
the  blue  color  of  indigo  solution,  forms  a  dark  ring  when  brought 
in  contact  with  a  crystal  of  ferrous  sulphate  and  sulphuric  acid,  is 
colored  red  by  brucine,  and  gi\'es  off  ammonia  when  made 
strongly  alkaline  with  potassium  hydrate  and  heated  with  zinc. 

Impurities  and  Tests. — Mineral  impurities  are  detected  by 
evaporating  to  drv'ness,  when  no  residue  should  remain.  The 
absence  of  hydrochloric  acid  is  determined  by  silver  nitrate,  and 
the  Ireedom  from  sulphuric  acid  by  barium  chloride.  On  diluting 
Niith  water  and  adding  a  smalt  quantity  of  solution  of  starch, 
no  blue  color  should  be  produced,  thus  showing  the  absence  of 
iodine.  Iodic  acid  may  be  detected  with  this  test  by  first  adding 
some  hNxlrogen  sulphide. 

Nitrates. — Nitric  add  is  monobasic  and  forms  withjbases,  by 
replacement  of  its  one  hydrogen  atom,  a  series  of  salts  known  as 
nitrates.  The  most  of  them  are  preixired  by  dissoh  tng  the  metal 
in  the  acid.  In  the  case  of  the  alkalies  and  alkaline  earths,  the 
orbonate.  oxide,  or  hydrate  is  used  to  neutralize  the  acid. 

The  nitrates  are  nearly  all  soluble  in  «aler,  the  exceptions  being 
a  few  of  the  basic  salts  which  this  acid  forms.  On  the  application 
of  beat  they  e\-olve,  first  oxygen  and  then  nitrogen  tetroxide,  or  a 
mixture  of  nitrogen  and  oxygen,  leaving  an  oxide  of  the  metal. 

PRACTICAL  EXERCISES. 

Place  a  small  quantity  of  potassium  nitrate  In  a  test-lube,  add  sulphuric 

acid,  and  apply  a  gentle  heat ;  brown,  strongly  acid  fumes  will  be  given  oflT. 

tnlntc  with  water  and  add  indigo  solution  ;  the  latter  loses  its  blue  color, 

lieconiing  yellow  or  brown.     This  is  a  characteristic  test  for  nitric  acid. 

Acidutn  Nitrohydrochloricum,  U.  S.  P. — This  substance, 
which  IS  also  known  by  the  names  aqua  regia  and  nitromuriatic 
acid,  »-as  first  prepared  by  Geber,  who  dissohed  ammonium 
chloride  in  nitric  acid.     Basil  Valentine  appears  to  have  given  it 


it,  used  at  the  present  time,  by  mixing  nitric  and  hydrocliloric 
acids. 

Preparation.— The  U,  S.  P.  recommends  the  preparation  of 
it  by  mixing  iS  parts  of  nitric  with  82  parts  of  hydrochloric  add, 
all  by  volume.  They  should  be  mixed  in  an  open  vessel,  allowed 
to  stand  until  effervescence  has  ceased,  and  preserved  in  pardy 
filled  bottles  in  a  coo]  place.  The  compounds  formed  by  ihc 
combination  of  the  two  acids  are  chlorine  and  nitrosyl  chloride: 
HNOs    +    3HCI    =    NOCl    +    CI,    +    aH,0. 

Properties.  —  Nitrohydrochloric  acid  is  a  " golden-ydltnr, 
fuming,  very  corrosive  liquid,  having  a  strong  odor  of  chlorine" 
and  a  strongly  acid  reaction.  It  is  wholly  volatilized  on  the  ap- 
plication of  heat,  and  readily  dissolves  gold  and  platinum.  This 
solvent  action  depends  largely  on  the  chlorine  which  is  present 

Nitroxyl  chloride.  NOaCl.  is  formed  when  a  mixture  of  niln^[eo 
tetroxide  and  chlorine  is  passed  through  a  heated  glass  tube,  and.  as  ias 
already  been  shown,  it  is  produced  in  the  action  of  chlorine  on  silver 
nitrate.  It  is  usually  prepared,  however,  by  heating  lead  nitrate  with 
phosphorus  oxychloride ; 

aPOCla    +    3Pb(N0a),    =    PbgjPO,    +    SNOgCI. 

phosphorus  L«d  Lead  Nitnuyl 

Oxychloride.  Nilrale.  Phosphate.  Chloride. 

Nitroxyl  chloride  is  a  hea\'j-,  oily,  j-ellow  liquid  which  boils  at  5",  and 
is  readily  decomposed  by  water  into  nitric  and  hydrochloric  acids. 

Nitrasyl  chloride,  NOCl,  is  formed  by  the  union  of  nitrogen  dioxide 
and  chlorine : 

NgOa    +    Clg    ^    aNOCI. 

n  of  phosphorus  pentachloride  on  po- 

PCl,    +     KNO,    =    NOCl     +     KCl    +     POClj. 

Being  one  of  the  products  obtained  on  mixing  nitric  and  hydrochloric^ 
acids,  it  exists  in  "aqua  regia." 

It  is  an  orange-yellow  gas,  and  in  a  freezing  mixture  condenses  to  ^* 
liquid,  which  fiimes  strongly  and  possesses  the  odor  of  "aquaregia."  I^ 
combines  with  mercury,  forming  mercurous  chloride,  and  liberating  lutro— 
gen  dioxide  ;  neither  gold  nor  platinum  is  dissolved  by  it. 

Nitroeyl  bromide,  NORr,  is  prepared  by  leading  nitrogen  dioxide  intc^ 
bromine  at  a  temperature  of — 10°  to  — 15°  as  long  as  it  is  absorbed.  ^* 
blackish-brown  liquid  results,  which  decomposes  at  — 2°,  giving  offnitn^w 
gen  dioxide,  and  leaving  nitrosyl  tribromide,  NOBrg,  a  dark,  brownish^ 
red  liquid. 

Nitrogen  Bulphide.  N,5,.  Is  obtained  in  an  impure  condition  by  ti^t' 
action  of  dry  ammonia  on  sulphur  chloride  or  thlonyl  chloride.    It  is 
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yellow  crystalline  powder,  soluble  in  carbon  disnlphide.    When  heated 
^0  i35**f  it  sublimes,  depositing  yellowish-red  crystals.    It  melts  at  158® 
ivith  decomposition. 
There  exists  a  similar  compound  of  nitrogen  and  selenium,  N^Seg. 

PHOSPHORUS. 

Symbol,  P.  Atomic  IVeight,  30.96.  Valence,  III. 

History. — Phosphorus  was  discovered  by  the  alchemist  Brandt, 
in  1669,  at  Hamburg.  He  prepared  it  by  distilling  a  mixture  of 
eva.porated  urine  and  sand.  A  hundred  years  later  it  was  shown 
by  Gahn  to  be  a  constituent  of  bones,  and  in  1771  Scheele  pub- 
a  method  for  preparing  it  from  this  source. 
iccurrence. — Phosphorus  is  never  found  native  in  the  free 
r,  but  chiefly  as  calcium  phosphate,  the  principal  constituent 
bones,  as  well  as  of  the  minerals  apatite  and  phosphorite.  Very 
tensive  deposits  of  calcium  phosphate  are  found  near  Charles- 
ri.  South  Carolina,  in  Florida,  and  in  several  other  of  the 
Soiathem  States.  This  '*  phosphate  rock,*'  as  it  is  called,  con- 
^=a.ins  also  some  iron,  alumina,  carbonic  acid,  and  fluorine.  It  is 
<^ollected  and  shipped  in  enormous  quantities  to  many  parts  of 
e  world  to  be  used  for  fertilizing  purposes. 
F^hosphorus  is,  further,  very  widely  distributed  in  comparatively 
quantities.  It  is  always  found  in  plant  and  animal  tissues, 
*  '^  the  soil,  and  in  sea  water.  The  source  of  the  element  is  largely 
►nes,  although  a  portion  of  that  made  in  England  is  prepared 
"om  sombrerite,  a  mineral  from  the  island  of  Sombrero  in  the 
^t  Indies,  consisting  of  impure  calcium  phosphate. 
^Preparation. — ^The  bones  are  freed  from  fat  by  carbon  disul- 
or  petroleum  benzin,  and  from  gelatin  by  superheated 
.m.  They  are  then  burned  to  whiteness.  The  resulting 
^y^tte  boneash  b  composed  of  86  per  cent,  calcium  phosphate, 
,<P04)„  and  small  quantities  of  magnesium  phosphate  and 
Cerium  carbonate  and  fluoride. 

This  boneash  or  its  equivalent,  the  calcined  spent  boneblack 
^rn  the  sugar  refiners,  or  sombrerite,  is  treated  with  an  equal 
^^^ight  of  50  per  cent,  sulphuric  acid  : 

Ca.(P04),    +    2HaS04    =    CaH4(P04)a    +    2CaS04. 

Calcium  Sulphuric  Acid  Caicium  Calcium 

Pbosphate.  Acid.  Phosphate.  Sulphate. 

TTie  solution  of  acid  phosphate  is  decanted  from  the  calcium 
^Ulphate,  evaporated  to  dryness,  and  heated  to  redness,  by  which 
^"^  loses  water  and  is  converted  into  calcium  metaphosphate : 
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The  caldum  metaphosphate  is  very  iDtiiiiatdy  mixed  with  char- 
coal, and  gradually  heated  in  earthenware  retorts  to  a  white 
heat,  when  the  following  reaction  takes  place  : 

loCO. 

CarboB 
MoiKtxide. 

The  >-ield  amounts  to  two-thirds  of  the  phosphorus  which  is 
present.      The  whole  of  the  phosphorus  may  be  lecovered  hy 

Fig.  56. 


3Ca(PO,l,      -      loC      =      P.      +      Ca^PO,), 

Ofcium  ClurcoaL    PbospbDcia.  Calcintn 

Meupboifiluie.  Pboaplulc. 


adding  enough  sand  to  con\ert  the  calcium  into  silicate,  according 
to  the  following  reaction  : 


aCa(POa)g 


aCaSiO,    +    loCO. 

Calclnm  Carbon 
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The  furnace  and  retorts  used  In  the  above  distillation  are 
shown  in  Fig.  56.  The  yield  is  from  8  to  10  per  cent,  of  the 
bones  used.  Phosphorus  at  this  stage  still  contains  impurities 
carried  over  mechanically  in  the  process  of  distillation,  and  from 
these  it  must  be  further  purified.  This  is  accomplished  by  re- 
distilling from  iron  retorts,  by  pressing  through  chamois  leather 
under  water,  or  by  treating  the  melted  phosphorus  under  water 
with  a  mixture  of  sulphuric  acid  and  potassium  dichromate,  three 
and  a  half  parts  of  each  of  these  compounds  being  used  for  every 
one  hundred  parts  of  the  element. 

After  the  purification  process  the  molten  phosphorus  is  run 
into  glass  or  copper  to  solidify  in  the  form  of  sticks,  and,  after 
oitting  under  water,  is  preserved  under  the  same  liquid  in  barrels, 
or,  better,  in  sealed  tin  cans. 

Most  of  the  world's  supply  of  this  element  comes  fi-om  two 

jxianufactories,   one  at  Oldbury,  England,  and  one  at  Lyons, 

P'rance.     Smaller  quantities  are  produced  in  Russia,  Sweden,  and 

the  United  States.     The  present  output  amounts  to  about  two 

tHousand  five  hundred  tons  annually. 

Properties. — Like  many  of  the  other  elements,  phosphorus 

ists  in  several  allotropic  forms.     That  obtained  by  the  above 

ethods  is  known  as  ordinary  or  octahedral  phosphorus. 

This  variety  is  a  colorless,  transparent  to  translucent,  wax-like 

lid.     At  ordinary  temperatures  it  is  sufficiently  soft  to  be  cut 

a  knife,  but  at  lower  temperatures  it  becomes  more  brittie. 

It     lias  a  specific  gravity  of  1.83  at  10°,  and  at  44**  it  melts  to  a 

^olorless  liquid.     It  boils  at  290°,  air,  of  course,  being  excluded. 

^^tween  the  temperatures  of  500®  and  1000°  the  vapor  of  phos- 

orus  has  a  density  of  62,  indicating  a  formula  for  the  molecule 

P4.     At  a  higher  temperature  it  is  less,  indicating  that  the 

^lecule  under  these  conditions  is  made  up  of  a  less  number  of 

ms. 

Phosphorus  is  insoluble  in  water,  soluble  in  350  parts  of  abso- 

^^te  alcohol  at  15°,  and  in  240  parts  of  boiling  absolute  alcohol, 

*  '^    80  parts  of  absolute  ether,  and  in  about  50  parts  of  any  fatty 

^^1-     Chloroform  and  benzene  dissolve  it  in  considerable  quantity, 

^nd  carbon  disulphide  is  probably  its  best  solvent,  dissolving  from 

^^  to  20  times  its  weight  without  losing  its  fluidity.     All  solutions 

^^  phosphorus  in  carbon  disulphide  should  be  preserved  with  the 

^t-eatest  care.     When  spilled  or  otherwise  exposed  the  solvent 

k  ^pidly  evaporates,  leaving  the  phosphorus  in  such  a  finely  divided 

^  condition  that  it  inflames  spontaneously.     Phosphorus  may  be 
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powdered  by  melting  under  water  and  agitating  until  cold  ;  many 
saline  solutions  facilitate  this  division .  When  exposed  to  a  damp 
air  at  ordinary  temperatures,  phosphorus  undergoes  slow  oxida- 
tion, giving  off  garlic- smelling  fumes  of  phosphorus  and  phos- 
phoric acids,  which  are  luminous  in  the  dark.  It  b  a  very  m- 
flammable  element,  igniting  in  the  air  spontaneously  at  50°.  For 
this  reason  it  is  kept  and  cm  under  water.  The  sticks  of  phc«- 
phorus  which  are  kept  under  water,  exposed  to  the  light,  become 
covered  with  a  white,  opaque  film,  which  slowly  turns  red  and 
peels  off.  This  is  due  to  slight  oxidation,  and  may  be  pre^-enttd 
by  excluding  light,  and  using  for  covering  a  pure  water  that  has 
been  recently  boiled  to  remove  oxygen  and  cooled.  In  pure 
oxygen  phosphorus  is  not  luminous  below  15",  but  becomes  so 
immediately  on  the  introduction  of  an  inert  gas  like  nitrogen,  or 
by  rarefying  the  oxygen. 

Phosphorus  combines  directly  with  many  elements,  like  sul- 
phiu*,  chlorine,  bromine,  iodine,  and,  at  higher  temperatures,  with 
many  of  the  metals.  With  hydrogen  and  nitrogen  it  does  not 
combine  directly.  On  account  of  its  affinity  for  oxygen,  it  re- 
duces many  metallic  salts  when  placed  in  their  aqueous  solutions, 
precipitating  the  metal.  Nitric  acid  oxidizes  phosphorus  to 
phosphoric  acid,  and  solutions  of  the  alkaline  hydrates  convert 
it,  on  boiling,  into  hypophosphite  of  the  base  with  evolution  of 
hydrogen  phosphide. 

J?ed  or  amorphoits  phosphorus  is  an  allotropic  modification 
discovered  by  Schrotter  in  1845.  It  is  prepared  by  heating  the 
ordinary  variety  in  a  nearly  closed  iron  vessel  to  240°  or  250°,  or 
more  quickly  by  having  the  vessel  closed  tightly  and  heating  to 
300°  under  pressure,  when  the  conversion  takes  place  in  a  fevir 
moments.  It  is  necessary  to  introduce  an  inert  gas  like  nitrogen 
before  heating  the  phosphorus.  At  260°,  in  an  open  vessel,  th^ 
amorphous  variety  is  reconverted  into  ordinary  phosphorus,  nith 
evolution  of  considerable  heat.  Amorphous  phosphorus,  pre- 
pared as  above  described,  contains  some  of  the  ordinary  \-arieiy, 
from  which  it  is  freed  by  treatment  with  carbon  disulphide,  which 
leaves  the  red  variety  in  a  state  of  purity.  When  purified. 
amorphous  phosphorus  has  a  specific  gravity  of  2.15.  It  is  no' 
affected  by  solvents  and  does  not  inflame  in  air  until  the  tem- 
perature reaches  360".  A  slow  oxidation  to  phosphoric  zdi^ 
takes  place  at  ordinary  temperatures. 

Amorphous  phosphorus  is  said  not  to  be  poisonous,  while  th^ 
ordinary  variety  is  very  enei^etic  in  its  action  on  the  human 


)n  the  human  syg" 
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tem.     The  poisonous  results  obtained  from  the  former  are  prob- 
ably due  to  the  presence  of  the  latter  as  an  impurity. 

A  third  variety,  known  as  rhombohedral  or  metallic  phosphorus, 
is  obtained  by  heating  the  ordinary  variety  in  sealed  tubes  with 
metallic  lead  for  ten  hours,  at  a  litde  below  a  red  heat.  After 
cooling,  the  lead  is  dissolved  in  diluted  nitric  acid,  which  leaves 
^  mass  of  dark-red  crystals.  This  modification  has  a  specific 
gravity  of  2.34  at  15^,  and  requires  a  temperature  of  358°  to 
convert  it  into  the  ordinary  form.  This  variety  is  also  obtained 
when  the  amorphous  phosphorus  is  heated  in  a  sealed  tube  to 

Uses. — Phosphorus  is  used  in  medicine  and  in  the  manufacture 
of  many  chemical  compounds,  fi"equently  without  being  a  con- 
stituent of  the  product,  for  example,  in  the  preparation  of  methyl 
a-»d  ethyl  iodides.  Its  most  extensive  use,  however,  is  in  the 
manufeicture  of  matches  and  as  a  poison  for  vermin. 

In  the  manufacture  of  matches,  phosphorus  is  submerged  in  a 
'ann  concentrated  solution  of  glue,  and  then  rapidly  stirred  to 
•revent  it  reaching  the  surface  in  a  mass  and  igniting.     When  it 
become  uniformly  mixed,  the  other  ingredients  are  added,. 
^rA  the  matches,  previously  tipped  with  paraffin,  are  dipped, 
^^any  mixtures  have  been  proposed  ;  the  following  is  character- 
istic :  phosphorus,  2  parts ;  manganese  dioxide,  i  part ;  chalk, 
3   parts ;  lampblack,  }i  part,  and  glue,  5  parts.     In  many  of  the 
**^ixtures  potassium  chlorate  or  nitrate  is  used. 

On  account  of  the  danger  to  workmen  engaged  in  the  manu- 

.cture  of  matches,  not  only  from  the  ignition  of  the  phosphorus,. 

»iit  also  because  of  the  poisonous  character  of  the  fumes,  it  has 

m  proposed  to  use  amorphous  phosphorus  in  the  process. 

^  thb  country,  however,  the  suggestion  has  not  met  with  much 

-vor.     In  Europe  the  so-called  safety  matches  are  extensively 

^"•"Manufactured  and  used.     In  order  to  ignite  them  these  matches 

^^^quire  to  be  rubbed  on  a  certain  material.     The  matches  are 

pped  with  a  mixture  of  potassium  chlorate,  32  parts  ;  potassium 

ichromate,  12  parts  ;  red  oxide  of  lead,  32  parts,  and  antimony 

^^phide,  24  parts.     The  composition  on  the  box  is  made  up  of 

Amorphous  phosphorus  and  antimony  sulphide.     These  matches 

^^^y  sometimes  be  ignited  by  quickly  drawing  them  over  a  piece 

^^^  ground  glass  or  a  sheet  of  smooth  white  paper. 

Impurities. — Phosphorus  frequently  contains  arsenic  derived 
from  the  sulphimc  acid  used  in  its  manufacture,  and  at  the  same- 
time  it  may  be  contaminated  with  sulphur. 
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The  following  U.  S.  P.  lest  is  sufficient  to  identify  these  im- 
purities:  "Add  3  gm.  of  Phosphorus  to  15  cc.  of  nitric  adi 
diluted  with  15  c.c.  of  distilled  water  in  a  flask  having  thecapauir 
of  50  c.c. ,  and  digest  the  mixture  at  a  gentle  heat  on  a  waier- 
bath,  until  the  Phosphorus  is  dissolved.  Transfer  the  solulion  10 
a  capsule,  and  evaporate  it  until  no  more  nitrous  vapors  aregiitn 
off,  and  then  dilute  the  solution  to  30  c.c  with  distilled  water. 
Heat  30  c.c.  of  the  diluted  solution  to  about  70°  for  half  an  hour, 
passing  hydrogen  sulphide  tlirough  it  during  the  half-hour's  heal- 
ing, and  then  until  the  liquid  has  become  cold.  If  the  liquid  be 
now  allowed  to  stand  at  rest  during  twenty-four  hours,  not  more 
than  a  very  small  quantity  of  lemon-yellow  precipitate  should  be 
visible  (limit  of  arsenic). 

"On  adding  barium  chloride  T.S.  to  the  remainder  of  the 
liquid,  not  more  than  a  slight  opalescence  should  be  produced 
(limit  of  sulphur)." 

PHOSPHORUS  AND  HYDROGEN. 

Riosphorus  combines  with  hydrogen  in  ihrct  pruportions : 
PHg,  gaseous  hydrogen  phosphide, 


PgH„  liquid  hydrogen  ph 
PjHj,  solid  hydrogen  pho 

osphide, 

add: 

sHaPOg       =       HsPO,       -h        PHs, 

"^•"S.""""'          "-"Tri.''^ 

P^SE 

and  by  heating  phosphorous  acid : 

4HbPOb       =       3HaPO, 

PhosphorQus                   Phnsphoris 

HydroEcn 

Hydrogen  phosphide 
a  solution  of  potassium  hydrate 


Phoapliorui 


also  evolved  when  phosphorus  is  healed  with 


=     3KH,PO, 

Hypophoiph  ite. 


Phosphtile. 

The  last  is  the  lu^ual  method  of  preparing  the  gas,  and  it  b  impartanl 
to  observe  certain  precautions.  The  air  must  first  be  displaced  by  a 
stream  of  carbon  dioxide  or  illuminating  gas.  Tlie  delivery-tube  is  then 
put  under  the  surface  of  water  and  heat  applied.  Some  time  after  boil- 
ing commences,  the  escaping  gas,  as  it  comes  in  contact  with  air,  inflames 
spontaneously  with  a  slight  report,  and  forms  a  beaudfut  ring  of  whiti^ 

The  other  methods  of  preparation  are  :  by  adding  tricalcium  dij 


ling  tricalcium  diphaafc-  . 
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CaaP,      +      6HaO      =      3Ca(OH)j      +      aPHg, 

Tricalcium  Water.  Calcium  Hydrogen 

Dipbosphide.  Hydrate.  Phosphide. 

and  by  adding  phosphonium  iodide  to  water : 

PH4I      -f      HaO      =      HI      4-      H,0      +      PHa. 

Phosphonium  Water.  Hydr  iodic  Water.  Hydrogen 

Iodide.  Acid.  Phosphide. 

In  order  to  obtain  the  gas  perfectly  pure,  it  is  passed  through  a  tube 
immersed  in  a  freezing  mixture,  by  which  means  the  liquid  hydrogen 
phosphide  is  condensed.  When  prepared  from  phosphonium  iodide 
none  of  the  liquid  compound  is  formed. 

Properties. — Hydrogen  phosphide,  when  pure,  is  a  colorless  gas  with 
a.  disagreeable  fishy  odor.  It  inflames  when  heated  to  100°,  or  by  slight 
ooncussion,  forming  metaphosphoric  acid. 

Hydrogen  phosphide  is  a  compound  analogous  to  ammonia,  and  com- 
bines with  hydrochloric,  hydrobromic,  and  hydriodic  acids,  forming 
pfiosphonium  chloride,  PH4CI,  phosphonium  bromide,  PH4Br,  and  phos- 
phonium iodide,  PH4I. 

Liquid  hydrogen  phosphide,  P9H4,  is  formed  by  passing  the  gas  ob- 
tained from  phosphorus  and  potassium  hydrate  through  a  freezing  mixt- 
ure, by  which  the  liquid  phosphide  is  condensed.  It  is  also  formed  by 
action  of  water  on  calcium  phosphide : 

+      PaH4. 

Hydrogen 
Phosphide. 

Properties. — ^This  is  a  colorless,  strongly  refracting  liquid,  which  in- 
imes  spontaneously  in  contact  with  air.  On  exposure  to  light  without 
Access  of  air  it  readily  decomposes  into  gaseous  and  solid  hydrogen 
I^Hosphide.  This  substance  is  analogous  to  the  ammonium  compound, 
^J^drazine,  NaH4,  but  is  not  so  stable. 

Solid  hydrogen  phosphide,  P4Ha,  is  formed  when  calcium  phosphide 
dissolved  in  warm  concentrated  hydrochloric  acid,  with  exclusion  of 
It  is  a  yellow,  odorless,  and  tasteless  powder,  which  on  exposure 
^o  air  changes  to  an  orange  color.  When  heated  to  70°  with  exclusion 
^*f  air  it  is  decomposed  into  phosphorus  and  hydrogen. 

PHOSPHORUS  AND  THE  HALOGENS. 

Phosphorus  combines  with  the  halogens  at  ordinary  temperatures,  in 
^ome  cases  with  evolution  of  heat  and  light.  It  forms  at  least  two  com- 
IKwnds  with  each,  acting  with  an  equivalence  of  three  or  five,  according 
to  the  amount  of  the  halogen  present  at  the  time  of  combination. 

Phosphorus  trichloride,  PCla,  is  prepared  by  passing  dry  chlorine  into 
31  retort  in  which  there  is  amorphous  phosphorus  ;  a  moderate  heat  is  ap- 
plied to  the  retort,  and  the  resulting  vapors  of  phosphorus  are  conducted 
into  a  well-cooled  receiver.    When  the  phosphorus  is  kept  in  excess  the 
ixoduct  is  nearly  pure,  but  if  the  chlorine  be  slightly  in  excess  the  distil- 
IttewiH  also  contain  phosphorus  pentachloride,  which  may  be  removed 
IVK&lilUng  from  ordinary  phosphorus. 


Ca^Pa      + 

4HaO      = 

=      2Ca(OH)a 

Dicalcium 

Water. 

Calcium 

liphosphide. 

Hydrate. 
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Phosphorus  trichloride  is  a  colorless,  pungent  tiquid,  boOiiis  at  7^  and 
retaining  its  liquidity  at  — 1 15®.  Its  specific  gravity  at  o*  is  1.613.  It 
fumes  in  contact  with  moist  air,  and  is  decomposed  by  water  into  hydro- 
chloric and  phosphorous  acids : 

PCla    4-    3HaO    =    sHQ    +    HJPO^ 

Phosphorus  pentachloride,  PCI5,  is  formed  by  the  action  of  dry  chlorine 
on  phosphorus  trichloride.  This  is  best  accomplished  by  passing  the  dry 
chlorine  on  the  surface  of  the  trichloride  by  a  wide  tube,  occasionally 
stirring  until  the  whole  solidifies  to  a  crystalline  mass.  As  there  is  con- 
siderable heat  developed,  the  vessel  in  which  the  reactioo  takes 
must  be  kept  well  cooled. 

Phosphorus  pentachloride  is  a  yellowish-white,  crystalline  powder,  w 
fumes  strongly  on  exposure  to  air,  with  a  very  irritating  odor.    It  su 
limes  at  100®  without  previously  melting ;  by  higher  temperatures  it  i 
decomposed  into  phosphorus  trichloride  and  chlorine,  the  dissociati 
being  complete  at  336®.     It  is  decomposed  by  a  small  quantity  of  wat 
into  phosphorus  oxychloride  and  hydrochloric  add : 

PCI5    -h    HjO    =    POCla    +    2HCL 

With  an  excess  of  water,  phosphoric  and  hydrochloric  adds 
duced : 

PCI5     4-    4HaO    =    HaP04    -f    5HCL 

POCla    +    3HaO    -=    HaPO^    +    3HCL 

On  account  of  this  affinity  for  the  elements  of  water,  phosphonis  {^  — «■ 

tachloride  is  a  useful  laboratory  reagent  for  determining  the  presence  ^  of 

hydroxyl,  especially  in  organic  compounds.    For  example,  the  reactiM  ^— on 
with  ethyl  alcohol  is  as  follows : 

CaH^.OH    4-    PCIb    =    CaHftCl    +    POQ,    -f    HO. 

With  acetic  acid  there  is  formed  acetyl  chloride,  according  to  the  1  -d- 

lowing  reactions : 

CaHgO.OH    -h    PCIb    =    CaHgO.Cl    +    POQ,    +    HQ. 

With  an  aldehyde  in  which  the  oxygen  is  united  by  bodi  its  bood^  to 

carbon  the  following  reaction  expresses  the  change : 

CeHaCO.H     -f     PCIb    =    CeHBCCla.H    -f    POQ,. 

Phosphorus  tribromide,  PRrg,  is  prepared  like  the  trichloride. 
cl<>sfly  resembles.     It  has  the  specific  gravity  2.925  at  o^  and  boit^^ 

I'lwriphonis  pcntabromide,  PBrg,  resembles  the 
tifitiiw]  tti  ( hloriiK*  in  its  mode  of  formation  and  propeftie&     It  bai 
My  .i.illiiM-  •.♦iliij,  whirh  nvlts  below  100**  and  decomposes  into  the 

\ttttint'\'    .iii't  Ittntniiir. 

A  ' 'iiM|t'Hiiul  nf  phosphorus  with  both  chlorine  and  bromtne  may 
t,r,t,i>\  \,-  hriiii'itu'.  I  nc,  ft  her  phosphorus  trichloride  and  bromine  is 
j/»'/.*-,f»».ifi  »»f  Dm  ir  fiinli'i  iilar  Wfiv;hts.    The  resulting 


) 
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PHOSPHOROUS  OXIDE. 

Fbrmuia.  PiOj.  Molecular  H'eighl.  to9.8a. 

This  compound   is  prepared  by  gently  heating   phosphons 

with  incomplete  access  of  air.     An  imperfect  combustion  laka 

place  with  the  formation  of  the  irioxide. 

It  is  a  white,  amoq>hous  powder,  of  a  garlic-like  odor.    In 
contact  with  air  it  inflames,  forming  the  pentoxide.  ^^^ 

PHOSPHOROUS  ACID.  ^^| 

Formula,  HjPOj.  3foUcular  IVeight.  81. 8+.  ^^H 


acid  is  formed  when  phospho 
1  this  case  it  is  mixed  with  hypophosphoric  and 
^  prepiLred  pure  and  in  large  quantity  t^leadinga 
3  melted  phosphorus  under  water.    Phosphoi 


Preparation  .--This 
moist  air ;  although 
phosphoric  acids.  It 
stream  of  chlorine  i 

trichloride  is  first  produced,  which  is  decomposed,  as  fast  as  fonTied,  bjr 
the  water  present : 

PCIg      +      3HbO      =    HaPOa      +      3HCI, 

The  solution  is  evaporated  until  it  attains  a  temperature  of  180°,  wtaoi 
a  thick  fluid  mass  remains,  which,  on  cooling,  solidifies  to  a  tnass  of 
crystals,  having  a  melting  point  of  70.1°.  On  heating  above  iSo'deccuD- 
position  takes  place,  with  formation  of  phosphoric  acid  and  hydrogm 
phosphide,  as  follows : 

4HsPOj    =    JH,P04    4-    PHb. 

Phosphorous  acid  is  a  powerful  reducing  agent,  precipitating  gold,  alver, 
and  mercury  in  the  metallic  stale  from  solutions  of  their  salLs. 

PhoBphitea.— The  alkali  phos])hites  are  all  soluble  in  waler.  theolhets 
are  difficultly  soluble.  The  acid  is  dit>asic,  one  of  the  three  hydr^^en 
atoms  not  being  replaceable  by  metal.  A  number  of  organic  salB  of 
phosphorous  acid  have  been  prepared, 'as  triethyl  phosphite,  (CjHe)jPO»- 
The  phosphites  are  distinguished  from  the  hypophosphites  by  the  lanaxa:] 
causing  precipiLites  with  barium  and  calcium  hydrates.  ^^^^H 

HYPOPHOSPHOROUS  ACID.  ^^| 

Formula.  H,POj.  Molecular  Weigkl.  65.88.  ^^^ 

Preparation. — It  is  prepared  by  first  making  caldum  ol 
barium  hypophosphite-  For  pharmaceutical  purposes  the  formd 
of  these  is  preferred,  and  it  is  made  by  boiling  phosphorus  uvitl 
calcium  hydrate : 

3Ca(OH)g    +    iP,    +    6HaO    =    3Ca(H,PO,)a    +    aPH^ 

Calcium  Phoiphorus.       Waler.  Calcium  Hydronrn 

Hydiale.  H>-iiophosphlIe.  Phatphlde- 

The  excess  of  calcium  hydrate  is  converted  into  carbonate   ^ 
carbon  dio.xide,  the  solution  filtered  from  the  calcium  carbona** 
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iuid  a  small  quantity  of  phosphate,  which  is  formed  at  the  same 
time,  and  the  clear  filtrate  either  evaporated  for  the  calcium 
hyp>ophosphite  or  decomposed  with  oxalic  acid  for  the  free  acid  : 


Ca(HaPOa)8     +     HaC,04      =     2H(HaPOa)      -f      CaCa04. 

Calcium  Oxalic  Hypophosphorous  Calcium 

Hypophosphite.  Acid.  Acid.  Oxalate. 


^When  barium  hypophosphite  is  used,  sulphuric  acid  is  employed 
to  decompose  it. 

The  calcium  oxalate  is  filtered  from  the  acid  and  the  latter 
evaporated  until  it  contains  50  per  cent,  of  hypophosphorous 
acid  ;  in  which  form  it  usually  comes  into  the  market.  The  acid 
may  be  obtained  in  the  solid  form,  and  nearly  absolute,  by  evap- 
orating carefully  at  or  below  130°,  and  then  placing  in  a  freezing 
nriixture.     It  melts  at  17.4°. 

F^ropcrties. — When  strongly  heated  hypophosphorous  acid 
is  decomposed  into  orthophosphoric  acid  and  hydrogen  phos- 
phide. Solution  of  hypophosphorous  acid  decomposes  salts  of 
,  silver,  and  mercury,  with  formation  of  the  metal.  It  is 
xidized  by  chlorine  and  potassium  permanganate. 

Acidum  Hypophosphorosum  Dilutum,  U.  S.  P.,  contains 
3  per  cent,  by  weight  of  absolute  HPHjjOg. 
This  acid  has  a  specific  gravity  of  1.046  at  15°,  and  the  50  per 
.  acid  at  the  same  temperature  has  a  specific  gravity  of  1.406. 
e  latter  is  found  in  commerce. 

Impurities  and  Tests. — The  most  probable  impurities  in 

acid  are  hydrochloric,  sulphuric,  phosphoric,  and  oxalic  acids, 

calcium  hypophosphite.     The  acids  may  all  be  readily  de- 

by  their  appropriate  tests,  and  the  calcium  by  the  addition 

*"  oxalic  acid. 

I^ypophosphites. — The  salts  of  this  acid  are  prepared  from 

calcium  or  barium  salt  by  double  decomposition.     They  are 

soluble  in  water. 

In  the  dry  state  they  are  quite  stable,  but  in  solution  they 
'^adily  undergo  change.  In  pharmaceutical  preparations  they 
*J^e  usually  protected  by  sugar. 

Kypophosphoric  Acid,  HaPOs,  is  formed  with  phosphoric  and  phos- 

T^orous  adds  when  phosphorus  is  slowly  oxidized  in  moist  air.     By 

^evaporating  the  solution  to  a  syrupy  consistence,  and  adding  cold,  satu- 

^ted  solution  of  sodium  acetate,  the  sodium  salt  having  the  formula 

^aHP0j.3HaO  separates  out.    The  acid  gives  a  white  precipitate  with 

silver  nitrate  which  does  not  blacken  on  boiling.    This  serves  to  distin* 

VoBh  it  from  phosphorous  and  hypophosphorous  adds. 
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PHOSPHORUS  PENTOXiDE. 
Forsiula,  PjOj.  Molecular  Ifni^ht,  ni.'^a. 

Phosphorus  pentoxide,  or  phosphoric  oxide,  is  prepared  by  bnniiif 
phosphorus  in  dry  air  or  oxygen.  It  b  a  bulky,  white,  amorphoti 
der,  which  is  capable  of  being  sublimed.  It  has  a  powerful  affinii>-(ar 
water,  hissing  when  thrown  into  it.  Unless  it  be  rigidly  excluded  from 
moist  air  deliquescence  rapidly  takes  place.  On  account  of  this  affiiritj 
is  much  used  in  the  drying  of  gases. 


ORTHOPHOSPHORIC   ACID. 
Formula,  HjPOt.  Molecular  U'eighl,  97.80. 

History, — The  existence  of  this  acid  was  first  noticed  bf 
Mar^raf,  in  1746,  on  account  of  the  peculiar  yellow  precipitate 
it  produced  with  silver  nitrate.  Graham,  in  1833,  first  pointed 
■out  the  difference  between  the  ortho-,  pyro-,  and  meta-  acids. 

Occurrence. — The  free  acid  is  not  known  in  nature,  but  in 
combination  with  calcium  it  occurs  abundantly  in  bones,  in  afl 
vegetable  and  animal  tissues,  and  in  minerals.  The  deposits  of 
impure  calcium  phosphate  in  Southeastern  United  States  and  the 
adjacent  islands  are  the  most  abundacit  occurrences  as  well  as 
sources  of  this  acid  in  combination. 

Preparation. — The  use  for  which  the  phosphoric  acid  is  in- 
tended determines  the  method  of  manufacture.  For  many  pur- 
poses the  acid  is  made  from  boneash  by  treatment  with  sulphuric 
acid  : 


Caa(P04)>        +        aHaSG, 


3CaS0,. 


The  clear  liquid  is  decanted  from  the  calcium  sulphate  add 
evaporated  to  a  small  bulk,  when,  after  setding,  the  supernatant 
liquid  is  again  decanted  from  the  further  deposit  of  calcium  sul- 
phate ;  the  temperature  is  then  raised  to  300°,  and  mainlaine*i 
at  that  point  until  all  sulphuric  acid  is  removed.  The  acid  ma<l« 
in  this  way  is  useful  in  the  arts  and  in  the  manulacture  of  phos 
phates. 

The  official  acid  is,  or  should  be,  prepared  directly  from  phc»* 
phorus,  by  the  action  of  nitric  acid.  16  parts  of  phosphorus  a.r> 
heated  in  a  capacious  retort  with  100  parts  of  nitric  acid  (sp.  S^ 
1.420),  diluted  with  an  equal  weight  of  distilled  water.  Tl* 
retort  is  connected  with  a  condenser,  and  heat  applied  ur** 
the  reaction  commences.  The  heat  is  then  carefully  regulat* 
to  prevent  the  action  becoming  too  violent,  and,  i 
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distilled  water  added.     The  condensed  liquid  is  returned  from 
time  to  time  until  the  phosphorus  is  dissolved  : 


3P  + 

SHNOa 

-f    2HaO 

=     3H8PO4     -f     5NO. 

Phosphorus. 

Nitric 

Water. 

Phosphoric              Nitric 

Acid. 

Acid.                 Oxide. 

The  solution  is  evaporated  at  a  temperature  not  exceeding 
1 90°,  until  the  excess  of  nitric  acid  is  driven  off,  and  a  clear, 
odorless,  syrupy  liquid  remains.     Sufficient  distilled  water  is  then 
.3.dded  to  make  the  liquid  weigh  100  parts. 

Phosphorus  is  sometimes  contaminated  with  arsenic,  and  this 
iiHould  always  be  removed  by  diluting  the  above  with  one  hundred 
£Ln<i  fifty  parts  of  distilled  water,  passing  in  hydrogen  sulphide 
jfor  one-half  hour  with  the  liquid  at  70°,  then  removing  the  heat 
strid  continuing  the  passage  of  the  gas  until  cold.  The  liquid  is 
'.xt  set  aside  for  twenty-four  hours,  after  which  it  is  filtered  and 
raporated  to  100  parts. 
-A  more  expeditious  method  than  this,  which  has  been  found 
to  work  well  on  a  large  scale,  was  proposed  in  1875  by  Markoe. 
34.0  parts  of  distilled  water  are  placed  in  a  large  stoneware  jar, 
and  the  latter  set  in  water.  90  parts  of  phosphorus  are  added, 
then  I  part  of  iodine,  and  the  whole  agitated  or  stirred  in  order 
to  bring  the  iodine  and  phosphorus  in  contact.  6  parts  of  bro- 
rnine  are  next  run  in  from  a  stoppered  funnel,  drop  by  drop,  in 
such  a  way  as  to  bring  each  drop  in  contact  with  the  phosphorus 
and  iodine.  As  soon  as  the  reaction  is  complete  540  parts  of 
*^itric  acid  (sp.  gr.  1.420)  are  added,  and  in  warm  weather  a  little 
'^ore  water,  in  order  to  prevent  the  action  from  becoming  too 
'Violent.  The  vessel  is  then  covered  with  a  glass  or  porcelain 
plate.  No  further  attention  is  required  for  from  twelve  to  twenty- 
feur  hours.  At  the  end  of  this  time  the  phosphorus  will  be 
^und  to  have  disappeared,  and  the  iodine  will  usually  be  found 
^^blimed  on  the  lid  of  the  vessel.  From  this  point  the  process 
*s  carried  out  exacdy  as  in  the  official  method.  When  the  above 
directions  are  rigidly  adhered  to,  the  operation  is  an  entirely  safe 
^ne,  but  in  trying  to  hasten  the  action  by  more  concentrated 
^lutions  explosions  have  resulted.  It  is  very  important  to  bring 
^ery  drop  of  bromine  in  contact  with  the  phosphorus  in  order 
Aat  the  reaction  may  take  place  before  more  is  added.  The 
iodine  is  said  to  modify  the  action  somewhat,  but  further  than 
^t  it  has  no  use,  for  the  small  amount  of  bromine  is  sufficient 
^  act  as  a  carrier  of  the  oxygen  from  the  nitric  acid  to  the  phos' 
phonis. 
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dicating  the  absence  of  nitric  acid.  No  precipitate  should  be 
foirned,  after  several  hours,  by  the  addition  of  an  equal  volume 
of  tincture  of  ferric  chloride,  indicating  the  absence  of  pyro-  and 
meta-phosphoric  acids. 

Phosphates. — The  salts  of  this  acid  usually  take  the  name  of 
phosphates.     They  are  prepared  by  neutralizing  the  acid  with  a 
'hydrate  or  carbonate.     The  salts  of  the  alkali  metals  are  soluble 
in  water,  the  other  salts  are  insoluble  in  water,  but  readily  solu- 
ble in  hydrochloric  acid.     Since  the  acid  is  tribasic,  there  are 
three  classes  of  salts  formed,  according  as  one,  two,  or  three  of 
the  hydrogen  atoms  are  replaced  by  a  base.     When  the  acid  is 
neutralized  by  a  carbonate  two  atoms  of  hydrogen  are  replaced. 
Detection. — Orthophosphates,   as  well  as  the  acid,  are  de- 
tected by  adding  silver  nitrate  to  a  neutral  solution,  when  a  yel- 
low precipitate  forms,  consisting  of  silver  phosphate,  AgjPO^. 
This  precipitate  is  soluble  in  nitric  acid  and  in  ammonia.     Ammo- 
iiiuni  molybdate  in  nitric  acid  solution  causes  a  yellow  precipitate 
to  slowly  separate,  consisting  of  ammonium  phospho-molybdate, 
CNH4)^P04(Mo03)iq.     In  alkaline  solutions,  magnesia  mixture 
^^^uses  a  white  precipitate  of  ammonium-magnesium-phosphate, 
Wg'NH4P04.6Hj|0.     Phosphoric  acid  does  not  coagulate  albu- 


PYROPHOSPHORIC  ACID. 

Formula,  H^PjO?.  Molecular  IVeight,  177.64. 

Neither  pyrophosphoric  acid  nor  its  salts  are  found  in  nature. 


ition.— -The  acid  is  prepared  by  prolonged  heating  of  the  ortho- 

^^osphoric  add  to  from  200®  to  300°,  until  a  portion  neutralized  with  am- 

and  treated  with  silver  nitrate  yields  a  pure  white  precipitate  free 

"Om  yellow  color.    The  sodium  orthophosphate,  when  heated  to  240°,  is 

^^^^tiverted  into  sodium  pyrophosphate.    By  double  decomposition  between 

^*s  salt  and  lead  nitrate,  lead  pyrophosphate  is  precipitated,  which  by 

romposition  with  hydrogen  sulphide  yields  the  free  acid.    The  acid  is 

^^So  formed  when  ortho-  and  meta-phosphoric  acids  are  brought  together 

molecular  proportions  in  a  water-bath. 

ties. — Pyrophosphoric  acid    exists  in  the  form  of  cr>'stalline 

It  is  easily  soluble  in  water,  and  in  solution  it  very  slowly  re- 

to  the  ortho-  variety.    This  may  be  quickly  accomplished  by  heating. 

>lio8pliate8.~The  salts  of  pyrophosphoric  acid  are  called  pyro- 

lates,  and  are  prepared  by  heating  the  orthophosphates  to  240®. 

^^J*?"©  series  of  salts  are  formed,  those  in  which  two  atoms  of  hydrogen  are 

I,  and  those  in  which  four  atoms  of  hydrogen  are  replaced  by 


*Hie  pyrophosphates  of  the  alkalies  are  soluble  in  water ;  those  of 
bases  are  mostly  insoluble  in  water,  but  soluble  in  acids.    Solutions 
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of  Ibe  salts  in  water  remain  unchanged,   but  on  txuling  nith  addsv 
fusing  with  sodium  carbonate  they  are  converted  into  phosphates. 

Deieciion. — Pyrophosphoric  acid  and  its  salts  are  recognized  andiS^ 
IJnguished  from  the  other  varieties  by  the  white  precipitate  with  silw 
nitrate,  by  the  absence  of  a  precipitate  with  ammonium  motybtUle  in 
the  presence  of  nitric  acid,  and  by  the  inatulity  of  the  free  add  to  coagu- 
late albumen. 

METAPHOSPHORIC  ACID. 
Formula.  HPO).  Molecular  Weight,  79.84. 

Tliis  acid  is  also  known  as  glacial  phosphoric  acid.  It  b  prepared  by 
heating  one  of  the  preceding  varieties  to  redness.  It  is  also  producal 
when  phosphorus  pentoxide  is  allowed  to  slowly  melt  in  cold  wa.ter. 

Properties. — Metaphosphoric  acid  exists  in  the  form  of  a  white  pa^ 
mass.  It  often  contains  sodium  in  the  form  of  sodium  metaphosphate, 
which  gives  it  a  more  vitreous  and  transparent  appearance.  The  aqueous 
solution  slowly  changes  to  the  ortho-  variety,  quickly  on  boiling,  and 
without  formation  of  the  intermediate  pyro-  acid. 

Metaphosphates.— The  salts  of  this  acid  are  prepared  by  healing  Ibe 
ortho-  salts  to  redness.  As  the  acid  is  monobasic  we  would  naturally 
Bxjject  to  obtain  but  one  series  of  salts,  but  this  acid  possesses  the  prop- 
erty of  polymerization  to  such  an  extent  that  at  least  five  diRerent  series 
of  salts  are  formed,  as  follows :  RPO,,  metaphosphate ;  R^PsOg,  dim^a- 
phosphate ;  RgPiOg.  trimetaphosphate ;  RiPfOj^,  tetrametapbosphate; 
and  RefeOisi  hexametaphosphate. 

Detection.— The  free  acid  and  its  salts  are  detected  and  dtstir^fuished 
from  the  other  varieties  by  the  white  precipitate  with  silver  nitrate,  by 
not  forming  a  precipitate  with  ammonium  molybdate  in  presence  of  nitric 
acid,  by  the  free  acid  coagulating  albumen,  and  by  the  absence  of  a  pre- 
cipitate with  magnesium  sulphate  in  neutral  solution. 

PHOSPHORUS   WITH   OXYGEN   AND   CHLORINE. 

Phosphorus  oxychloride,  POClg,  is  formed  by  decomposing  phosphono 
pentachloride  with  water : 

PCI,    +    H,0    =    POCI,    +    2HCL 
For  larger  quantities  the  pentachloride  is  heated  with  dry  oxalic  acid : 

PCIb     +     HaCaO,     =     POClj     -)-     aHCI     -|-     CO,     +     CO. 

Phosphorus  oxychloride  is  a  colorless  liquid,  having  the  specific  gravity 

1,711  at  0°.     When  cooled  it  solidifies  to  acicular  crystals,  which  melt  at 

— 1.5°.    On  heating  it  boils  at  107.3°.    With  water  it  is  decomposed  into 

phosphoric  and  hydrochloric  acids  : 

POCIg    -f    3HbO    =    HaPO,    +    3HCI. 

Two  other  compounds  of  these  elements  are  known :  Pj-rophosphorj'l 

chloride,  PjObCIj,  a  colorless,  strongly  fuming  liquid,  boiling  between 

ato"  and  215";  and  metaphosphoryl  chloride,  POjCl,  a  thick,  syrupy 

mass,  prepared  by  heating  phosphorus  pentoxide  and  oxychloride  to  200'. 
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PHOSPHORUS  WITH   OXYGEN   AND   BROMINE. 

Phosphorus  oxybromide,  POBrs.  This  compound  is  analogous  to  the 
ttcjrchloride,  POCl^  and  is  similarly  prepared,  by  acting  on  phosphorus 
penlabromide  with  the  required  amount  of  water : 

PBr5    -f    HaO    =    POBra    +    aHBr, 

^  by  distilling  the  pentabromide  with  oxalic  add : 

PBt^    4-    H,C,04    =    PGBr,    +    aHBr    +    CO^    +    Ca 


CHAPTER  VI. 
BORON. 

Symbol,  B.  Atomic  H'eighl,  10.9.  VaUtue,  lit 

History. — The  element  boron  was  isolated  by  Gay  Lussacand 
Thfinard  in  1808,  and  about  the  same  time  independently  by 
Davy.  It  was  known  in  combination  as  borax  by  Geber  and  lit 
alchemists. 

Occurrence. — Boron  does  not  exist  in  the  free  state  in  nature, 
but  is  found  native  in  combination  with  oxygen  as  boric  add, 
HgBOg,  with  sodium  as  borax.  Naj,B,0,.  loHgO,  with  calcium  as 
borocalcite,  CaB,0,.4HaO,  and  with  both  sodium  and  calcium 
as  boronatrocalcite,  NagB,0,.2CaB,0,.  iSH,0.  It  is  also  found 
in  smaller  quantities  in  a  number  of  other  minerals,  in  sea  w'aler, 
and  in  the  ash  of  a  few  plants. 

Boron  is  known  in  two  allolropic  modifications.  A  compound 
of  boron  and  aluminum,  AljB,,  was  formerly  supposed  to  be  the 
pure  element,  and  bore  the  name  of  graphitoidal  boron. 

I.  Amorphous  Boron  is  prepared  by  heating  in  a  crucible  a 
mixture  of  10  parts  boron  trioxide,  BaOg,  with  6  parts  sodium, 
covered  with  5  parts  of  sodium  chloride  : 

B,Oa    +    3Na,    =    3Na,0    +    B5,. 

The  fused  mass,  when  cold,  is  treated  with  diluted  hydrochloric 
acid,  which  leaves  the  boron  undissolved,  as  a  brown  amotphom 
powder. 

This  variety  is  odorless  and  tasteless,  and  somewhat  soluble  ir» 
water,  imparting  to  it  a  yellow  color,  from  which  solution  il  is 
precipitated  unchanged  on  the  addition  of  an  acid.  While  tivis 
variety  of  boron  is  permanent  in  air  or  oxj-gen  at  ordinary  terar*- 
peratures,  it  readily  oxidizes  when  heated,  and  may  even  bum, 
forming  boron  trioxide  and  small  quantities  of  boron  nitride.  BI^  ; 
the  latter  compound  is  the  result  of  a  union  of  boron  with  nitro- 
gen of  the  air.  When  air  is  excluded  boron  may  be  heatedl  to 
whiteness  without  melting  ;  fusion  may,  however,  be  accompUslieo 
by  a  strong  electric  current. 

Both  nitric  and  hydrochloric  acids  oxidize  boron  to  boric  aciai 
and  when  the  element  is  fused  with  sodium  hydrate,  bora-^^  " 
formed. 
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2.  Adamantine  Boron.     This  variety  is  prepared  by  fusing 
boron  trioxide  with  aluminum  : 

BaOs    4-    Ala    =    AljO,    +    B,. 

The  boron  cryystallizes  as  the  mass  cools  and  is  separated  by 
dissolving  the  aluminum  in  sodium  hydrate.  This  variety  of 
boron  is  in  the  form  of  yellow  or  brownish-yellow  crystals,  having 
a  specific  gravity  of  2.68.  In  this  form  boron  is  not  pure  but 
contains  carbon  and  aluminum  in  a  proportion  corresponding  to 
the  formula  B^AlgCj. 

The  crystals  are  very  hard,  being  next  to  the  diamond  in  this 
respect,  and  withstand  a  red  heat  without  change.  They  are 
unacted  upon  by  hydrochloric,  nitric,  or  nitrohydrochloric  acids. 
When  fused  with  sodium  hydrate  they  are  slowly  changed  to  so- 
dium borate,  with  evolution  of  hydrogen.  Boron  is  one  of  the 
few  elements  which  unite  direcdy  with  nitrogen. 

BORON  AND   HYDROGEN. 

Boron  Hydride,  BH3,  is  obtained  by  first  fusing  together  boron  triox- 
ide and  magnesium,  whereby  an  impure  magnesium  boride  is  formed. 
The  fused  mass  is  then  treated  with  diluted  hydrochloric  acid,  when  the 
Allowing  reaction  takes  place : 

BjiMgs    -f    6HC1    =    sMgClj    +    2BH8. 

Considerable  hydrogen  is  given  off  at  the  same  time,  but  the  boron 
hydride  is  recognized  by  its  peculiar  odor  and  nauseating  effects  when 
iah^led. 

It  is  a  colorless  gas,  which  bums  with  a  green  flame,  yielding  boron 
l^oxide  and  water.  The  gas  is  somewhat  soluble  in  water,  to  which  it 
"*^I>arts  its  peculiar  odor. 

BORON   AND   CHLORINE. 

Horon  Trichloride,  BCls-    When  chlorine  is  passed  over  amorphous 

^^^^fon,  combination  takes  place  with  evolution  of  heat  and  light.     Cr>'s- 

^^lized  boron  requires  to  be  heated  before  combination  takes  place.     In 

PJ^ctkre  dry  chlorine  is  passed  over  boron  trioxide  and  charcoal,  heated 

^  redness: 

BaOs    +    3Cla    +    3C    =    2BCI3    +    3CO. 

The  escaping  compounds  mixed  with  some  chlorine  are  passed  through 

*  freezing  mixture,  by  which  the  boron  trichloride  is  condensed.    The 

laitter  is  then  finally  freed  from  chlorine  by  agitation  with  and  distillation 

from  mercury. 

ftopertics. — Boron  trichloride  is  a  colorless,  mobile,  strongly  refracting 

^<ltrid.    Its  specific  gravity  at  17**  is  1.35.    On  the  application  of  heat  it 

^ils  at  18.23°.     ^t  fumes  in  the  air,  and  is  decomposed  by  water  into 

Mrochloric  and  boric  acids. 
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Similar  compounds  are  known  with  bromine,  BBrg,  and  with  fluorine, 
BF3 ;  the  latter  has  a  powerful  affinity  for  water  and  chars  organic  matter 
like  sulphuric  acid. 

BORON   AND  OXYGEN. 

BORON  TRIOXIDE. 

Formula^  BaOs.  Molecular  IVeight^  69.68. 

Preparation. — ^This  oxide  is  formed  when  boron  is  burned  in 

air  or  oxygen,  but  it  is  usually  prepared  by  heating  boric  acid  to 

redness  : 

2H8BO8    =    B^Oa    +    3HaO. 

The  liquid  should  be  poured  out  into  thin  layers  and,  when  cold, 
broken  into  pieces  of  suitable  size. 

Properties. — Boron  trioxide,  when  first  prepared,  is  a  color- 
less, transparent,  vitreous  solid,  becoming  opaque  when  exposed 
to  air,  owing  to  absorption  of  moisture.  Its  specific  gravity  at 
4°  is  1.83.  At  a  white  heat  it  is  volatilized.  On  account  of  this 
ability  to  withstand  high  temperatures,  it  decomposes  carbonates, 
nitrates,  sulphates,  and  many  other  salts,  converting  them  into 
borates.  It  is,  therefore,  much  used  in  blowpipe  work  and  in 
certain  metallurgical  operations. 

BORIC  ACID. 

Formula^  HsBOs.  Molecular  Weig^ht^  61.78. 

History. — This  acid  was  first  prepared  and  used  in  1702  by 
Homberg,  who  obtained  it  by  treating  borax  with  a  mineral  acid. 
It  was  known  under  the  name  of  sedative  salt,  or  sal  secLativun^ 
Hombcrgii,  In  1774,  Hofer,  a  Florentine  apothecary,  discovered 
the  acid  in  the  waters  of  the  Tuscan  lagoons,  and  some  years 
later  manufactories  were  established  for  its  pre[>aration,  but  were 
not  successful  until  1828,  when  the  escaping  jets  of  steam  in  the 
vicinity  were  utilized  in  the  evaporation  of  the  water. 

Occurrence. — Boric  acid  occurs  in  the  free  state  in  nature. 
In  the  volcanic  districts  of  Tuscan v  there  are  found  nimierous 
jets  of  steam  issuing  from  crevices  in  the  ground  termed  suffani 
or  fiimerolcs.  This  steam  contains  considerable  quantities  ol 
boric  acid.  The  number  of  these  jets  is  often  increased  by- 
boring.  Boric  acid  is  also  found  in  considerable  quantity  com- 
bined with  sodium,  as  borax,  or  tincal,  on  the  borders  of  certain 
lakes  in  Thibet  and  Persia.  Borax  is  also  found  in  Qear  Lake 
and  Death  Valley  in  California,  and  near  Pyramid  Lake  in 
Nevada.     The  acid  is  further  found  in  the  mineral  borocalcite,  as 
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calcium  borate,  in  the  nitre  beds  of  Peru,  and  in  some  other  dis- 
tricts combined  with  both  sodium  and  calcium  as  boronatrocalcite. 

Preparation. — A  number  of  the  fumeroles  are  surrounded  by 
^  wall  of  solid  masonry  and  the  enclosure  filled  with  water,  which 
4:ondenses  the  steam  and  becomes  charged  with  boric  acid,  at  the 
•same  time  the  water  is  heated  and  evaporates.  As  the  solution 
l)ecomes  stronger,  it  is  allowed  to  run  into  similar  tanks  where 
tht  operation  of  saturation  and  evaporation  is  continued  until  the 
solution  is  strong  enough  to  be  run  into  leaden  tanks  in  which 
che  concentration  is  completed  by  steam  from  the  fumeroles. 

In  the  United  States  so  much  borax  is  found  that  it  has  been 
lased  for  furnishing  the  acid  by  decomposition  with  hydrochloric 

Na.B407    -h    2HCI    4-    sHaO    =    2NaCl    +    4H8BO8. 

This  is  effected  by  dissolving  i  part  of  borax  in  2}4  parts  of 
l»iling  water  and  adding  an  excess  of  strong  hydrochloric  acid. 
On  cooling,  the  boric  acid  crystallizes  out  and  is  purified  by  re- 
crystallization. 

Properties. — Boric  acid  (Acidum  Boricum,  U.  S.  P.)  con- 
sists of  **  transparent,  colorless  scales,  of  a  somewhat  pearly 
lustre,  or,  when  in  perfect  crystals,  six-sided,  triclinic  plates, 
slighdy  unctuous  to  the  touch,  odorless,  having  a  faindy  bitterish 
taste,  and  permanent  in  the  air."  Its  specific  gravity  at  15°  is 
I-4347.  It  is  soluble  in  25.6  parts  of  water,  and  in  15  parts  of 
alcohol  at  15®  ;  in  3  parts  of  boiling  water  and  in  5  parts  of  boil- 
ing alcohol.     The  alcoholic  solution  burns  with  a  green  flame. 

Glycerin  is  also  an  excellent  solvent  for  boric  acid,  i  part  of 
the  add  dissolving  in  10  parts  of  this  solvent.     The  preparation 
known  as  boroglycerin  is  made  by  dissolving  62  parts  of  boric 
^cid  in  92  parts  of  glycerin  at  a  temperature  of  150°,  and  main- 
taining that  heat  until  the  mixture  weighs  100  parts. 

At  100°  boric  acid  loses  one  molecule  of  water  and  is  con- 
verted into  metaboric  acid,  HBOa-  The  latter  is  a  white  powder, 
^d  is  slowly  volatilized  when  maintained  at  the  above  tempera- 
^  for  a  long  time.  When  boric  acid  is  kept  at  a  temperature 
of  160®  for  some  time,  pyroboric  acid  (HjB^O,)  is  produced^ 
according  to  the  following  reaction  : 

4HaB08    =    HaB407    +    sHgO. 

It  is  a  brittle,  vitreous  mass,  and  is  also  known  under  the  name 
^  tetraboric  acid. 
Boric  acid  forms  weak  combinations  with  phosphoric,  sulphuric, 
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and  mne  odier  adds,  irhidi  indicate  dmt  it  sometimes  phys  dK 
part  <]£  *  base.  "  Tbe  aqueoas  soludon  of  boric  acid  coloi^  Uue 
fiimi&  pBpc  ^^"U  ^^  veQow  tiirmerii:  paper  browttish-red  a&ei 
dtyiug,  even  wfaiDi  die  sulutiiia  ha-t  been  acidulated  with  hydro- 
c&Ioric  add :  dus  EBnwni&ii-r^  culur  is  changed  to  blutsh-bbd 
bv  ammanta.  water." 

ami  Tests. — The  most  probable  impurities  m 
jfjhaiE  oT  :iudium,  and  certain  metals  derived  fhn 
cite  vessels  used  in  die  pruee^  o£  manu&cture,  like  copp^,  lead, 
and  inm.  Chlorides  mav  be  detected  by  silver  nitrate  fonoJog  i 
white  pcedpitate  insoluble  in  nitric  acid,  sulphates  by  an  eqtullj 
msoiuhle  pracipnate  with  barium  chloride,  and  the  metals  b; 
Uacfcemng  with,  ammomum  sulphide. 

The  moa  chaiactErisdc  test  tor  the  acid  is  the  green  txAoi  it 
imfMre  to  the  dame  of  its  alcoholic  solution. 

Bocaxes. — Boric  :M:id  is  triba^c.  and  its  salts  are  very  unstable; 
the  best  knuwn  one  is  magnesium  borate,  Mga(,BO^,.  ft,  how- 
ever, fbnns  a  numbvr  of  salts  with  organic  bases.  The  com- 
pounds ot"  a  few  bases  with  metaboric  acid  are  more  staUe, 
ahbuugh  not  teed  or  well  known.  Tbe  most  ^miliar  borates  are 
those  ol~  pvroboric  acid,  which  are  very  stable,  and  one  of  than, 
bor-tx,  Na,B,0^  •*  extensively  used. 

Bori.x  possesses  die  ^lUty,  when  fused  with  different  metallic 
oxides,  k>f  tunning  double  sails  of  characteristic  colors.  It  is  on 
dus  propetty  that  the  use  of  borax  in  blowpipe  analj-sis  depends, 
stace  by  their  action  and  color  when  brought  into  a  borax  bead 
on  the  end  of  a  platinum  uire  many  metals  are  detected. 

Borun  Trisulphiije.  B^^  is  tbnned  when  sulphur  vapor  is  passed  avti 
healed  amorphous  boron ;  or  a  more  practical  method  b  to  pass  the 
vapor  of  catbun  disuipfaule  over  a  heated  mixture  of  borm  trioxideHid 
cbanual ; 

iB,0,    -4-    3CS,    -(-    3C    =    aB^    +    6CO. 

Boron  tnsulphide  is  a  yeQo wish-white,  friable,  vitreous  solid,  easily  i 
decomposed  by  water  into  hjdrogen  sulphide  and  boric  add : 
B^    ~    6H,0    =    iH,BOs    -    3H,S. 

Boron  Nitride,  BN,  is  prepared  by  the  direct  union  of  amorpfaoos  boroa  | 
and  nitrogen  at  a  white  heat  This  is  inteiesting-  because  of  the  indts-  ■ 
positiou  of  nitrogen  to  combine  directly  with  any  other  element.  Boron  i 
nitride  b  prepanrd  more  ecoDomically  by  berating  to  redne^  in  a  pUti-  '. 
num  cracible.  a  mismre  of  one  pan  anhydrous  borax  and  two  pans  of  | 
dry  ammonium  chloride  : 
Na^,a,    +    ♦NH.CI    =    aNaa    +    4BN    +    aHO    +    7H^    1 
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The  fused  mass  is  washed  with  water  and  hydrochloric  acid,  to  remove 
the  salt  and  some  boric  add,  which  is  mixed  with  the  nitride. 

Bofx>n  nitride  is  a  white,  light,  amorphous  powder,  which  phosphoresces 
h  a  g^Bs  flame  with  a  greenish-white  light  It  is  decomposed  when  heated 
ii  a  ctirrent  of  steam  into  boric  add  and  ammonia : 

BN    +    3HtO    =    HaBOa    +    NH,. 

Boroo  mtride  b  infusible  and  undianged,  even  at  the  melting  point  of 
ickeL     It  is  not  afiected  by  nitric  or  hydrochloric  adds,  nor  by  alkaline 


solutions.     Chlorine  has  no  effect  on  it  at  a  red  heat.    On  fusion  with 
potassium  hydrate  it  evolves  ammonia. 


t 


CHAPTER  VIL 


THE  CARBON  QROUP. 


SILICON. 


Symbol.  Si.  AlomU  U'eighl.  18,3.  Vblaice,  IV. 

History. — The  oxide  of  this  element  ft-as  early  recognized  as 
a  distinct  substance.  Berzelius,  in  1810,  first  isolated  theelanest 
by  fusing  together  iron,  carbon,  and  silica.  The  crj'staliized 
variety  was  prepared  by  De\'ille  in  1854,  and  its  properties  were 
investigated  by  himself  and  Wohler. 

Occurrence, — Next  to  oxygen,  silicon  is  the  most  abundant 
element  known.  It  is  not  found  in  the  free  slate,  but  in  ComtN- 
nation  with  oxygen  in  quartz  it  is  widely  distributed.  It  is,  fur- 
ther, the  chief  constituent  of  nearly  all  rocks,  and  consequently, 
also,  of  the  soils  which  have  resulted  from  the  decomposition  of 
rocks.  It  is  also  found  in  the  ashes  of  many  plants,  havingas- 
sisted  to  make  up  their  mineral  structure.  Silicon  exists  in  two 
allotropic  conditions,  the  amorphous  and  the  cryslalline. 

Preparation. — Amorphous  silicon  is  best  prepared  by  bealiDg 
to  redness  10  parts  of  dry  potassium  silico-fluoride  with  8  partt 
of  potassium  in  an  iron  tube  : 

K,SiF,    +    4K    =    6KF    -!-    SL 

The  action  is  somewhat  violent  at  first ;  when  this  is  ended, 
the  mass  is  allowed  to  cool,  and  then  treated  with  hot  water  to 
remove  potassium   fluoride.      The   product  is  an  amorphous,     ] 
brown  powder,  which,  when  heated  in  the  air,  ignites  and  buraa 
with  the  formation  of  the  dioxide,  SiO,. 

Silicon  is  insoluble  in  water  and  acids,  except  hydrofluoric, 
which  dissolves  it  readily. 

The  crystalline  variety  is  prepared  by  throwing,  in  small  por — 
tions  at  a  time,  into  a  red-hot  Hessian  crucible  a  mixture  off 
15  parts  of  potassium  silico-fluoride  and  5  parts  of  sodium,  ih&txj 
36  parts  of  granulated  zinc  are  quickly  added,  and  the  mass  « 
covered  with  sodium  chloride.  The  crucible  is  then  maintain.  ^^4 
at  a  temperature  just  below  the  boiling  point  of  zinc  (1040°)  ^q 
some  time.  The  cooled  mass  is  treated  successively  with  hyA.T-« 
chloric,  boiling  nitric,  and  hydrofluoric  acids,  which  leaves       tfc 
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cry'stals  of  silicon  undissolved,  as  these  are  distincdy  more  refrac- 
tory than  the  amorphous  variety. 

Properties. — ^When  thus  prepared,  silicon  is  in  the  form  of 
dark,  lustrous,  octohedral  crystals,  with  a  specific  gravity  of  2.49, 
and  a  degree  of  hardness  sufficient  to  scratch  glass.  They  with- 
stand a  white  heat  without  igniting,  and  resist  the  action  of  all 
acids,  except  a  mixture  of  hydrofluoric  and  nitric,  which,  when 
hot,  dissolves  them  slowly.  Hot  concentrated  solution  of  sodium 
hydrate  dissolves  silicon  with  formation  of  sodium  silicate  and 
e\'olution  of  hydrogen. 

Silicon  Hydride,  SiH^,  is  prepared  by  treating  magnesium  sili- 
dde  with  hydrochloric  acid  : 

Mg^Si    +    4HCI    =    aMgCIa    +    SiH^ 

The  magnesium  silicide  is  prepared  by  fiising  together  40  parts 
of  anhydrous  magnesium  chloride,  35  parts  of  dried  sodium  silico- 
fluoride,  10  parts  of  fiised  sodium  chloride,  and  20  parts  of  sodium. 
Silicon  hydride  is  a  colorless  gas,  which  may  be  collected  over 
water  or  mercury.  When  pure,  the  gas  does  not  inflame  spon- 
taneously, but  if  mixed  with  hydrogen  or  warmed,  it  takes  fire. 
In  burning  it  evolves  dense  fimies  of  silicon  dioxide,  SiO„  with 
formation  of  water  at  the  same  time.  When  mixed  with  chlorine, 
it  explodes  spontaneously. 

Silicon  Tetrachloride,  SiCl^,  may  be  formed  by  burning  silicon 
in  chlorine,  but  is  usually  prepared  by  heating  a  mixture  of  silicon 
dioxide  and  carbon  in  a  current  of  chlorine  : 

SiO,    -f    2C    -f    201,    =-    SiCU    +    2CO. 

Silicon  tetrachloride  is  a  colorless,  fuming  liquid,  ha\ing  the 
specific  gravity,  at  0°,  of  1.52,  and  boiling  at  59.5°.  It  is  de- 
composed by  water  into  hydrochloric  and  silicic  acids  : 

SiCU    -f    4H,0    =    H4Si04    +    4Ha. 

Silicon  Hexachloride,  Si^Cl^,  is  formed  in  small  quantity  when 
the  \-apor  of  silicon  tetrachloride  is  passed  over  silicon  heated 
to  1000®.  It  is  a  colorless,  Aiming  liquid,  which  solidifies  at  — 1°, 
and  boils  at  146®.  Its  specific  gravity  is  1.58  at  0°.  It  possesses 
^e  peculiarity  of  decomposing  betv^een  350°  and  1000°,  while 
above  the  latter  and  below  the  former  temperature  it  is  stable. 

Silicon  Chloroform,  SiHCIs,  is  produced  when  silicon  is  heated  to  red- 
"^^  in  a  stream  of  hydrochloric  add  gas : 

Si    4-    3HCI    =    SiHCls    +    H,. 

"  is  a  colorless,  inflammable  liquid,  burning  \^nth  a  green-edged  flame. 
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Silicon  Bromoform,  SiHBr,,  and  Silicon  Iodoform,  SiHIg,  have  also 
been  prepared. 

Silicon  Tetrabromide,  SiBr^,  is  produced  by  passing  bromine  vapor 
over  silicon  dioxide  and  carbon,  heated  to  low  redness. 

It  is  a  colorless,  heavy,  oily  liquid,  which  at  13°  solidifies  to  a  crystal- 
line mass.  It  boils  at  154**,  and  has  a  specific  gravity  of  2,81.  It  is  de- 
composed into  silicic  and  hydrobromic  acids  on  the  addition  of  water. 

Silicon  Hexabromide,  Si^Br^,  is  a  crystalline  compound,  prepared  simi- 
larly to  silicon  hexachloride.  It  readily  melts  on  the  application  of  heat 
and  boils  at  240°  without  decomposition. 

Silicon  Tetraiodide,  Sil4,  is  prepared  by  passing  vapor  of  iodine  mixed 
with  carbon  dioxide  over  red-hot  silicon.  The  carbon  dioxide  carries 
off  the  vapor  of  the  tetraiodide  as  fast  as  formed  and  thus  prevents  its 
decomposition. 

Silicon  tetraiodide  is  a  colorless,  crystalline  solid,  soluble  in  carbon 
disulphide,  and  decomposed  by  water  into  silicic  and  hydriodic  acids. 

Silicon  Hexaiodide,  Si^Ie,  is  formed  by  heating  the  tetraiodide  with  sili- 
con to  280°.  It  is  a  crystalline  solid,  which  fuses  with  decomix>sition  at 
250°,  and  is  decomposed  by  water. 

Silicon  Tetrafluoride,  SiF4,  is  prepared  by  heating  silicon  dioxide  with 
fluor  spar  and  sulphuric  acid : 

SiO,    -f    2CaFa    -f    2HaS04    =    SiF4    -f    2CaS04    -f-    aH.O. 

Silicon  tetrafluoride  is  a  colorless,  very  pungent  gas,  which,  under  a 
pressure  of  thirty  atmospheres  or  at  a  temperature  of — 107°,  condenses 
to  a  liquid  and  at  still  lower  temperatures  solidifies.  It  is  decomposed 
by  water  into  silicic  and  hydrofluosilicic  acids  : 

3SiF4    -f    4HaO    =    H4Si04    -f    2Hj|SiFe. 

Hydrofluosilicic  acid,  H^SiFe,  is  formed  when  the  vapor  of  silicon 
tetrafluoride  is  led  into  water.  The  gelatinous  silicic  acid,  which  sep- 
arates at  the  same  time,  would  quickly  stop  the  tube,  if  it  were  not  pre- 
vented by  keeping  the  latter  under  mercury,  on  the  surface  of  which  is 
placed  the  water.  Each  bubble  of  escaping  gas  forms  a  mass  of  silicic 
acid  as  it  enters  the  water  from  the  mercury.  The  hydrofluosilicic  acid  is 
obtained  in  aqueous  solution,  which  fumes  in  contact  with  the  air,  and  is 
decomposed  by  boiling  into  silicon  tetrafluoride  and  hydrofluoric  acid. 
It  is  useful  as  a  laboratory  reagent,  since  it  forms  a  number  of  insoluble 
salts  termed  hydrofluosilicates,  among  which  are  those  of  potassium, 
lithium,  and  barium. 

SILICON   DIOXIDE. 

SILICA. 
Formula,  SiO«.  Molecular  Weighty  60.22. 

This  compound  of  silicon  is  the  most  abundant  of  all  those=^ 
in  which  the  element  occurs.  There  are  three  well-defined  va^ — 
rieties  of  silica.  Two  of  them  are  crystalline  and  one  is  amor — 
phous.     The  most  abundant  of  these  is  represented  by  quarlz^ 
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*%vhich,  when  pure,  consists  of  colorless,  transparent,  hexagonal 
crystals,  having  a  specific  gravity  of  2.6,  and  represented  in  the 
scale  of  hardness  by  7.  It  is  sometimes  slightly  colored,  as  in 
amethyst,  smoky  quartz,  and  rose  quartz. 

Many  of  our  most  abundant  rocks,  as  granite,  gneiss,  and  sye- 
riite,  are  made  up  chiefly  of  quartz.  It  is  also  largely  represented 
in  sand  and  sandstone. 

The  second  variety,  also  crystalline,  is  known  as  iridimitey 

vvhich  was  originally  found  in  Mexico,  but  is  also  distributed 

through  a  number  of  trachytic  rocks.     It  occurs  in  hexagonal 

plates,  having  a  specific  gravity  of  2.3,  and  a  hardness  the  same 

3JS  quartz. 

The  third  variety  is  amorphous,  the  type  of  which  is  chalcedony. 
It  has  a  specific  gravity  of  2.3.     This  variety  frequently  occurs 
wnth  varying  amounts  of  coloring  impurities,  as  shown  in  agate^ 
j^Per,  2SiA  flint.     The  precipitated  silica  formed  when  silicon 
fluoride  is  passed  into  water  and  dried,  or  when  a  soluble  silicate 
is  treated  with  an  acid,  the  precipitate  collected  and  dried,  also 
belongs  to  this  variety.     In  this  form  it  possesses  a  specific  gravity 
of  2.2  ;  if,  however,  it  be  strongly  heated  for  some  time  the  spe- 
cific gravity  becomes  2.3.     The  quartz  crystal  likewise  changes 
*n  specific  gravity,  when  finely  powdered  and  heated,  from  2.6  to 
^•3-    An  amorphous  form  known  as  kiesel  guhr,  or  diatomaceous 
^3jth,  occurs  in  large  deposits  near  Berlin,  Germany,  and  in  sev- 
^^^  localities  in  the  United  States.      Opal  is  a  hydrated  silicic 
Oxide,  as  is  also  geyserite.     Silicon  dioxide  is  also  found  widely 
P>stributed  in  the  vegetable  and  animal  kingdoms,  although  not 
^'^  such  large  amounts  as  among  minerals.     In  the  stalks  of 
^'^ous  grasses,  and  in  the  hair  of  man  and  animals,  it  is  an  im- 
portant constituent. 

The  silicified  wood  found  in  many  localities,  but  especially  in 
^«  vicinity  of  the  Yellowstone  National  Park  in  this  country,  is 
fonned  by  silicon  replacing  the  carbon  of  the  wood. 

All  the  varieties  of  silica  are  insoluble  in  water  and  acids,  ex- 

^^t  in  hydrofluoric  acid,  which  dissolves  them  all.     Quartz,  even 

*n  fine  powder,  is  practically  insoluble  in  boiling  solutions  of  the 

^kaline  hydrates  or  carbonates,  while  the  other  two  varieties  will 

dissolve,  the  amorphous  variety  completely.     This  serves  to  dis- 

tingmsh  quartz  from  the  other  two.     All  varieties  on  fusing  with 

dry  sodium  or  potassium  carbonate  form  soluble  silicate  of  the 

L         alkaU: 

i  SiOg    -h    NagCOa    =    NajSiOa    +    CO,, 
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On  treating  this  solution  of  sodium  silicate  with  acid,  evapo- 
rating to  dryness,  adding  water,  collecting  the  precipitate,  and 
washing  thoroughly  with  boiling  water,  the  purest  amorphous 
silica  is  obtained. 

All  varieties  of  silica  are  extensively  used  by  man.  Quartz 
crystal  and  sand  are  largely  used  in  the  manu&cture  of  pottery 
and  glass  ;  many  of  the  colored  varieties  are  used  as  gems  ;  the 
amorphous  kiesel  guhr  is  employed  as  an  absorbent  of  nitro- 
glycerin, forming  dynamite  ;  and  agate,  on  account  of  its  hard- 
ness, goes  to  make  mortars  for  the  use  of  chemists. 

Silicic  Acid,  H4Si04.  When  hydrochloric  acid  is  added  to  a 
dilute  solution  of  sodium  silicate,  no  precipitate  occurs.  If  this 
solution  be  submitted  to  dialysis  the  sodium  chloride  and  excess 
of  hydrochloric  acid  will  pass  through,  while  a  transparent  col- 
orless solution  remains,  supposed  to  contain  orthosilicic  acid, 
H4Si04.  This  solution  may  be  concentrated  until  it  contains 
14  per  cent,  of  silica  ;  a  further  concentration  causes  it  to  solidify 
into  a  jelly-like  mass.  This  acid  is  represented  in  a  few  silicates, 
as  olivine,  MgjSiO^,  and  zircon,  ZrSiO^.  When  the  above  clear 
solution  of  silicic  acid  is  evaporated  in  a  vacuum  at  15°,  a  glass- 
like residue  remains,  supposed  to  consist  of  metasillcic  acid, 
HgSiOj ;  on  drying  these  two  acids  at  a  higher  temperature 
silicon  dioxide  and  water  result ; 

H4Si04    =    HaO     +     H^SiOa. 
H^SiOa    ■=    HjO    +    SiOg. 

A  large  number  of  metasilicates  are  known,  a  very  abundant 
one  being  enstatite,  Mg^SiOg.  The  best  known  one  is  perhaps 
sodium  silicate,  NajSiOg.  A  number  of  silicates  occur  in  which 
the  base  is  combined  with  a  multiple  of  the  formula  possessed  by 
the  above  acid,  with  various  proportions  of  water.  Such  com- 
pounds are  known  as  poly  silicates,  and  make  up  the  large  number 
of  naturally  occurring  silicates. 

Silicates. — Apart  from  those  silicates  occurring  native  and 
those  manufactured  for  special  purposes,  like  glass,  we  have  one 
official,  namely,  sodium  silicate,  or  soluble  glass,  Liquor  Sodii 
Silicatis.  This  is  prepared  by  fusing  together  sodium  car- 
bonate and  sand,  and  allowing  the  resulting  liquid  mass  to  run 
into  water,  which  causes  it  to  solidify  in  smaller  and  more  p>orous 
pieces,  so  that  it  may  afterward  be  more  easily  dissolved  in  water. 
It  is  found  in  commerce  in  almost  all  degrees  of  concent 
from  a  thin,  transparent  liquid  to  a  thick  gelatinous 


v.  S.  p.  directs  that  which  has  a  specific  gravity  of  1.3  to  1,4, 
This  strength  contains  from  10  to  12  per  cent,  of  sodium  and  20 
to  24  per  cent,  of  silica.     It  is  used  largely  in  bandaging. 

Glass. — When  sand,  lime,  and  potassium  carbonate  are  fiised 
together  in  proper  proportions  a  transparent,  insoluble  substance 
results,  knoHTi  as  glass.  Bohemian  glass  is  a  liilicate  of  potassium 
and  calcium.  It  is  very  difficult  to  fuse,  and  resists  the  action 
of  most  chemicals.  Crown  or  window  glass  is  a  silicate  of  cal- 
cium and  sodium  with  small  quantities  of  aluminum  and  iron. 
Bottle  or  green  glass  is  similar  in  comptosition  with  less  sodium 
and  more  calcium.  It  also  contains  more  iron.  Flint  glass  is  a 
^cate  of  potassium  and  lead.  It  is  quite  fusible,  and  is  chiefly 
%'aluable  on  account  of  its  high  refractive  power,  which  makes  it 
applicable  in  the  manufacture  of  lenses. 

Detection.— Soluble  silicates  are  detected  by  the  gelatinous 
precipitate  that  is  produced  on  the  addition  of  an  acid  ;  and  both 
soluble  and  insoluble  silicates  are  recognized  by  means  of  the 
sah  of  phosphorus  bead,  which,  when  held  in  the  blowpipe  flame 
with  silica  or  a  silicate,  becomes  opaque  and  is  found  to  contain 
a  floating  mass,  known  as  the  sHica  skeleton,  which  is  very  char- 
acteristic. 

Silicon  Disulphide,  SiS,.  When  a  mixture  of  silica  and  carbon  is 
tiKited  10  whiteness,  and  vapor  of  carbon  disulphide  led  over  il,  there  arc 
iomied  long,  silky  crystals  of  the  above  compound,  which  decompose  on 
addition  of  water  into  hydrogen  sulphide  and  silicic  add. 

Carbide.  SiC.    This  compound  is  known  as  carborundum,  and 
use  as  3  polishing  agent  because  of  its  excessive  hardness, 
WA  is  said  to  equal  that  of  the  diamond. 


CARBON. 
Symbol.  C  Alomii  Wnghl.  11.97.  Valenee,  IV. 

History. — Carbon  in  the  form  of  charcoal  has  been  known 
frwn  the  earliest  times.  Graphite  was  thought  to  be  identical 
with  molybdenite,  and  the  diamond  was  supposed  to  be  a  kind 
of  quartz  crj'stal.  In  1779  Schcele  pointed  out  the  difference 
"Mweeo  molybdenite  and  graphite,  and  concluded  that  the  latter 
■""St  be  looked  upon  as  a  kind  of  mineral  coal.  Numerous  ex- 
Itrtmenis  were  carried  out  in  the  latter  half  of  the  last  century 
^  <iet«mine  the  composition  of  the  diamond. 

A  number  of  investigators  subjected  it  to  high  temperatures 
«nd  bbsened  that  it  disappeared,  and,  at  the  suggestion  of  La- 
*<"iier,  a  diamond  in  a  glass  vessel  o\'er  mercury  was  ignited  by 


—f^v-.  ■ :'  i  -i:— Tj£^r^>iJ.   inii  lie  sm  3cced  rhar  carbon  cUoxide 
lis  ^r.o-csiL     Luv;    T.:nie  T^ars  lacer.   cc-mbined  the  carbon 


i-.  i.-ii't  ^r.C-jcssi  ly  "ie  -imciiiCiin  it  jl  ■'•.TTi'i-ad  viiih  calcium, 
ir.i  i V  r*cu«rrji  "ie  Tiim-.m  :2r:-i:iLare  ocoined  pure  carbon. 

Occurrence. — »Z.kr:»:ii  -isiaCi  ji  lixe  3?^  ^caie  in  nature  in  three 
iZc-r-.cui  nyniifcxzii  c:?.  — 'irjHn Hi .tpi*  as  izamimd  and  graphite^ 
iT.'l  iri'ir;  ii':'^.  li  -::-:«t.     Z-raaiiiccs  are  xcnd  in  Brazil,  Georgia, 

•IxTipc-:*  is  iicrli'-Ti-i  ii:r:ii;ci:«ic  ize  Torid.  A  very'  good 
:  •'"  *7  ■-=•  r.'-^c  --  tJiJt  Xicri  :c'  Frirarc,  Large  deposits  occur 
m  •>ir=A.-7  in  Si^iirttn  Sirera.  zi  Cevic-c.  ac  Ticonderoga,  in 
Ne-s  V:ric.  ii  Snrirori.  zi  >Lwat-h:2gecs>  and  at  Sonora,  in 


C:^  :^  :•:  iri  jl  zjii^r.-  H  tar.?  :c  ±ie  TorkL 
I-  ::c^i_i^r:c    isntic  i  3:*:rii  —  r«^?oI<eum  and  in  naturaL. 

-.^tciiu*  irsi  i"^^a"  xarter.  and,  combineck 


Z*^.' 


:     L*--*:z.:-'L     Irizjioi?    lor^r  ii:h-»r  ia  allu\-ial  deposits 
>:irc«;!>ei  ::    h.*- 1  rts:ir*«i  rrcn  ui-t  dco:<nposition  of  certaii 
k:r?i?  :c  nioice:-!?  r:ci-  :-  iiae  j>:ae  i::  sand.     When  foun 
"jity  irt   _:=;_iily  r:  ■  ir»=-i  tt^t  ir  :ciiq-*  layer.     This  sur&ce  i 
Tz:'=:i'riri  i=!i  lit  Ctrl  «r~^*i  £  creii  r-jniber  of  &ces  by  cuttin 
iii  o: lii-hii^      Tie<^  ic^ss  ir*  s:  3":r=ied  as  to  reflect  the  grea 
=>:  in-r  -i:  ::"  '~f  ii     Thi?  :?  imcirlisbed  by  so  arranging  t 
*:«ik  rlLT.es  :r  £i^e^  liii:  i-eirly  *!  ire  light  strikes  them  at 
iLT^c'e  «rre^:±r  u^iii  li"  it.  -abfc  ::  is  aH  reflected.     Diamoci 

Tr.e  i..Li:.T.i  >:;-■.  nc>  ::  ibt  :>e3e%::iar  or  isometric  system 
cr -still. zir.:  r.  uit  rrrvA'-^.c  i:»r=:  Sein*:  the  octohedron.     It 
i  <:-rr.r.:   cri  -r.-   :.f  5.5  ::    vr.  iac  is  the  hardest  substatr-^.  <:^ 
kr.;  -ST.    :•£:.-.*:  ri.:i*i  i^f^  :r  :r.  ihe  scaje  of  hardness.     It  is  ins(^S  «j- 

Tir  -5  i-c.i:  *:»:  :ii  i.i.r^:oi  25  -jsTjally  stated  in  carats,  a  ca^^jrat 
•••-Ir.*:  i- :_;.._  :    5.  :-  ^-;.:-<.  ;- J.  jct;  pamme.     A  variety  of  bLsa-cri- 
i-i^rr.   r.i    fr  ~    rr.-.-l.    T*hjrh   is  vcnhless  as  a  gem,   is  nrnuoA 
-.^ri  ii  irl..r.*:  r  •jks.     7hi  specinc  grax-itj-  of  the  black  \ar-ieri- 

■:'  :r.c  rrAnsiikrer.:  one,  being  about  3.a 
he  :.r7l.rj.r    r.  ..:'  hcA:  *n amends  remain  unchanged  in  aa 
htrr  . :"  r  »  rlr  cii  :.r  v  hor.  air  is  excluded,  even  at  a  while 
:.:  :r.e  :r.:ir.>i  li-npfrarune  c^i  the  electric  current  causo 
:.  r.-,.^s>  .->f  c-.-kf  or  f^^phite.     At  these  tenip«» 
1  ijr  .  r  .  wci r.  <r.>njS;scion  takes  place,  carbon  cEooife 
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being  formed,  and  a  small  quantity  of  ash  remaining.  This  ash, 
which  consists  of  silica  and  ferric  oxide,  amounts  to  from  0.05 
to  o.  20  per  cent. 
The  diamond  is  a  poor  conductor  of  electricity  and  heat. 
The  clearest  specimens  of  the  diamond  become  of  great  value 
when  properly  cut  and  polished.  One  of  the  finest  is  the  *'  Pitt'* 
or  **  Regent**  diamond,  which  weighs  136  carats  and  is  valued 
at  |6oo,ooo.  A  number  of  larger  ones  have  been  found,  but  the 
weight  after  cutting  rarely  exceeds  250  carats. 

(2)  Graphite.     This  substance,  which  is  also  known  as  plum- 
bago or  black  lead,  occurs  in  crystalline  form,  not  well  defined, 
but  frequendy  approaching  hexagonal  prisms.     It  may  also  be 
made  artificially  by  adding  to  melted  cast-iron  a  considerable 
quantity  of  charcoal,  which  on  cooling  is  deposited  as  crystals 
or  graphite. 

Graphite  possesses  a  black  metallic  lustre.  It  feels  soft  and 
gTeasy  between  the  fingers,  and  leaves  a  black  mark  when  drawn 
across  paper.  Its  specific  gravity  varies  from  1.84  to  2.50.  On 
application  of  heat  it  remains  uncftanged,  when  air  aAd  oxygen 
excluded,  but  at  very  high  temperatures,  in  a  stream  of 
o^cygen,  it  is  slowly  consumed,  with  more  difficulty,  however, 
the  diamond. 
The  amount  of  ash  which  remains  on  ignition  is  variable,  being 
►m  I  to  10  per  cent.     In  the  purer  varieties  there  are  also  pres- 

fi-om  .5  to  1.3  per  cent,  of  hydrogen. 
Graphite  is  purified  by  digesting  i  part,  on  a  water-bath  at 
with  3  parts  of  potassium   chlorate,   and  sufficient  nitric 
to  render  the  mixture  fluid,  or  the  graphite  is  allowed  to 
^^^nd  for  twenty-four  hours  with  a  mixture  of  potassium  chlorate 
^*icl  sulphuric  acid.     The   product   is  washed  with  water  and 
*^^ated,  when  it  swells  up  with  a  violent  evolution  of  gas,  and 
^ere  finally  results  a  very  fine  powder  of  pure  graphite.     Hydro- 
fluoric acid  is  sometimes  used  in  the  purification,  in  order  to  dis- 
solve and  render  volatile  the  silica. 

Graphite  when  mixed  with  fire  clay  is  used  for  making  the 

*>lack-lead  or  plumbago  crucibles.     It  is  also  useful  as  a  polish- 

^^^  agent  and  in  the  manufacture  of  lead-pencils.     For  this  latter 

purpose  the  purified  powder  is  mixed  with  a  fine  clay,  and  by 

fte  aid  of  water  made  into  a  plastic  mass.     The  mixture  is  then 

fcrced  through  small  holes  by  powerful  pressure,  which  gives  the 

ferfs  the  desired  shape.     The  long  cylinders  are  then  cut  into 

^  required  lengths  and  end««*d  •«  wnoH 
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C3)  Amorphous  Carbon.  Under  this  head  may  be  indudai 
the  following  varieties:  (a)  Gas  carbon,  (,6)  Coke,  (c)  Wood 
charcoal,  {d)  Animal  charcoal,  (ej  Lampblack. 

(fl)  Gas  carbon  is  found  in  the  upper  part  of  the  retorts  in 
which  coal  is  healed  in  the  preparation  of  illuminating  gas,  it 
occurs  in  iron-gray  masses  of  a  metallic  lustre,  and  possesses  con- 
siderable hardness.  It  \-aries  in  specific  gravity  from  1.75  tn 
2.50,  according  to  the  distance  from  the  surface  of  the  retort  ll 
is  a  good  conductor  of  electricity,  and  is  used  for  the  cartxn 
plates  in  several  forms  of  batteries.  Sometimes  it  is  used  (brtlK 
carbon  pencils  in  the  arc  electric  light. 

(J))  Coke  is  a  by-product  in  the  manufacture  of  iUuminatiDf; 
gas.  It  remains  in  the  retort  after  the  \olatile  portions,  which 
go  to  make  gas,  have  been  driven  off  by  destructive  distillatit>n. 
Large  quantities  of  coal  in  the  United  States  are  converted  into 
coke  in  special  coking  ovens  and  the  volatile  products  allowed  to 
escape.  The  answer  to  the  inquirj'  about  the  wastefulness  of  the 
process  is  that  the  coke  is  more  valuable  than  the  coal,  and  there 
is  not  the  demand  for  the  volatile  products  to  make  it  remunera- 
tive to  retain  them. 

Coke  occurs  in  irregular,  brittle,  porous  masses,  of  a  grayish, 
somewhat  metallic  lustre.  It  does  not  burn  so  easily  as  coal, 
and  requires  a  constant  draught  of  air.  Its  combustion  is  attended 
with  great  heat  and  but  little  smoke.  It  is  extensively  used  m 
metallurgical  operations.  The  composition  of  coke  is  about  gi 
per  cent,  pure  carbon,  5  to  6  per  cent,  of  ash,  with  varying  pro- 
portions of  oxygen,  hydrogen,  and  nitrogen. 

(c)  Wood  charcoal  usually  goes  under  the  simple  name  of 
charcoal.  Pure  charcoal  is  obtained  when  sugar  is  burned  in  i 
platinum  or  porcelain  dish,  and  it  is  purified  in  a  current  of  chlo- 
rine. It  is  tasteless,  insoluble,  conducts  electricity,  and  has  a 
specific  gravity  of  1.57. 

Wood  charcoal  is  prepared  by  the  incomplete  combustion  of 
wood.  This  is  accomplished  by  covering  piles  of  wood  witti 
earth  and  igniting  at  suitable  openings.  By  regulating  the  Hceeas* 
of  air  slow  combustion  takes  place,  water,  some  carbon  dioxide  ■ 
and  various  other  products  escape,  and  charcoal  remains,  t  *2 
the  preparation  of  wood  alcohol  and  acetic  acid  the  process  c:^ 
charring  wood  is  carried  out  in  large  iron  retorts,  so  that  tl""* 
volatile  products  are  saved.  It  has  been  found,  however,  thaC^  ' 
temperature  below  that  necessary  to  produce  charcoal  is  best  £^* 
preparing  the  volatile  products. 
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The  yield  of  charcoal  is  from  17  to  20  per  cent,  when  made  in 
the  ordinary  way,  but  by  the  use  of  super-heated  steam  to  regu- 
laie  the  temperature,  and  maintaining  it  at  300°,  the  yield  may 
be  increased  to  33  per  cent.  The  proportion  of  carbon  in  the 
product,  however,  is  diminished,  being  only  abi^ut  65  per  cent-, 
while  the  oxygen,  hydrogen,  and  nitrogen  are  correspondingly 
increased.  By  increasing  the  temperature  to  400"  the  yield  is 
decreased  to  20  per  cent.,  and  the  carb<jn  in  the  product  increased 
lo  80  per  cent.  At  1000°  the  yield  is  18.7  percent.,  and  the 
carbon  in  the  product  82  per  cent.  A  larger  yield  is  obtained 
when  the  process  is  carried  out  slowly  and  when  the  wood  is  dry. 

The  most  esteemed  charcoal  for  pharmaceutical  purposes  is 
prepared  irom  willow  twigs  two  or  three  years  old.  It  is  official 
as  Carbo  Ligni,  U.  S.  P. 

The  best  charcoal  is  hard  and  brittle,  breaking  with  a  lustrous 
ftacmre  and  emitting  a  metallic  sound  when  struck.  As  ordi- 
narily prepared  it  is  a  poor  conductor  of  heat  and  electricity,  but 
when  prepared  at  a  high  temperature  it  is  more  compact  and 
becomes  a  better  conductor.  Like  all  other  varieties  of  carbon, 
it  is  infusible.  Wood  charcoal  posses.ses  in  a  marked  degree  the 
powo*  to  absorb  and  condense  gases.  One  volume  of  boxwood 
diarcoal  was  found  by  Hunter  to  absorb  the  following  volumes  of 
gases  under  ordinary  pressure  and  at  a  temperature  of  o"  : 

Hydrogen 4.4  I  Nitric  oxide 70.5 

Ethene  . 


I  Nitrous  oxide. 
I  Cyanogen     .   . 


Carbon  dioxide 67.7  I 

On  account  of  this  property  charcoal  becomes  valuable  for 
absorbing  noxious  ga.ses  and  destroying  them.  It  also  pos- 
*t3g(i  the  power  of  decolorizing  dark  hquids,  although  not  in 
Ibe  same  degree  as  the  next  variety, 

Cy)  Animal  charcoal  is  prepared  by  charring  bones  and  other 
mimal  matter.     The    variety   known  as  bone-black    is  formed 
*l»en  bones  are  heated  in  closed  iron  retorts  ;    the  by-product 
in  this  case  is  ""  Dippel's  animal  oil."     Animal  charcoal  is  official 
in  two  famis,  Carbo  Animalis,  U.  S.  P.,  and  Carbo  Animalis 
Purificatus.  U.  S.  P.     The  crude  article  is  in  dull-black,  gran- 
ular fragments  or  powder  ;  it  is  odorless  and  tasteless  and  insol- 
uHc  in  water  or  alcohol.     When  ignited  it  should  lea\'e  about 
*6  \XT  cenL  of  a  white  ash,  consisting  of  calcium  phosphate  and 
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carbonate,  which  should  be  completely  soluble  ia  hydrochloric 
acid  with  ihe  aid  of  heat.  The  purified  animal  charcoal  is  frc- 
pared  by  digesting  in  a  water-bath  for  tweniy-four  houre  iwo 
parts  of  the  crude  preparation  with  three  parts  of  hydrochloric 
acid  and  fifteen  parts  of  water,  washing,  drying,  and  heating  lo 
dull  redness. 

When  purified,  animal  charcoal  is  a  duil-black  powder,  odor- 
less, tasteless,  in.soluble  in  water  and  all  other  solvents.  When 
ignited  at  a  high  temperature,  with  a  liiUe  mercuric  oxide  and 
free  access  of  air,  it  should  leave  only  a  trace  of  residue.  Puriiitil 
animal  charcoal  possesses  the  power  of  absorbing  coloring  matter 
from  solution.  It  will  withdraw  the  color  from  solutions  of  indigo 
or  logwood,  and  remove  the  fusel  oil  from  alcohol.  It  absorb 
alkaloids  and  astringent  compounds  from  their  solutions,  and 
gives  them  up  to  boiling  alcohol.  Many  of  the  domestic  filien 
for  the  purification  of  water  are  constructed  of  animal  charcoal 
and  sand.  Perhaps  the  most  extensive  application  of  animal 
charcoal  is  in  the  decolorizing  of  sugar,  and  in  the  purificailoa 
of  the  heavy  portions  of  petroleum,  by  which  such  preparations 
as  petrolatum  are  made. 

(e)  Lampblack.  Thisvarietyof  carbon  is  in  very  fine  powder. 
It  is  obtained  from  the  smoky  flame  of  many  bodies  rich  in  carbon, 
as  resins,  when  their  combustion  takes  place  without  much  access 
of  air.  and  the  products  are  condensed.  This  condensation  is 
accomplished  by  passing  the  products  through  a  series  of  cham- 
bers. Rosin  and  petroleum  are  most  frequently  employed  in  the 
preparation  of  lampblack,  but  the  product  is  not  pure.  The 
purification  is  effected  by  heating  for  some  time  in  a  current  of 
chlorine.  A  very  pure  lampblack  is  made  from  the  natural  gas 
of  Western  Pennsylvania  and  Ohio.  The  product  from  this  last 
source  is  very  pure  and  is  sometimes  known  under  the  name  of 
diamond  black.  Lampblack,  when  pure,  is  a  velvety  black,  im- 
palpable powder,  having  a  specific  gravity  of  1.729  at  17°.  It 
should  mi.'c  readily  with  water,  and  yield  no  color  to  alcohol  and 
ether  when  agitated  with  them,  showing  the  absence  of  oily  im- 
purities. It  is  used  to  give  a  black  color  to  paints  and  inks,  not 
only  on  account  of  its  intense  black  color,  but  also  because  of  its 
indestructibility. 

COAL. 

Coal  is  classified  as  a  variety  of  carbon,  although  it  contaimS-, 
besides  that  element,  considerable  quantities  of  oxygen,  hydr*^ 
gen,  nitrogen,  mineral  matter,  and  frequendy  sulphur. 


^ 
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Our  present  supply  is  the  product  from  the  decomposition  of 
plants  of  a  former  age,  this  decomposition  having  taken  place 
under  great  pressures  without  access  of  air,  and  in  the  presence 
of  moisture. 

0»'ing  to  the  differences  under  which  their  formation  took 
place,  we  have  several  different  \'arieties  of  coal.  They  may, 
however,  be  arranged  into  two  classes.  Anthracite  and  BUumu 
nous  coals. 

Anthracite  b  found  in  this  country  most  abundantly  in  Pennsyl- 
v-ania,  and  in  lesser  amount  in  Rhode  Island.  An  inferior  variety 
b  found  in  Wales,  France,  Saxony,  and  Southern  Russia.  It 
contains  about  90  per  cent  of  carbon  and  only  very  small  quan- 
tities of  sulphur.  It  is  hard,  with  a  conchoidal  fracture  and  an 
iron-black  color,  frequendy  displaying  iridescence.  It  bums  with 
but  little  flame  and  gives  out  an  intense  heat  The  volatile  mat- 
ter is  contained  in  it  in  small  amount,  being  from  6  to  7  per  cent 

Bituminous  coal  is  found  in  all  parts  of  the  world.  It  is  much 
softer  than  anthracite,  and  contains  a  larger  proportion  of  volatile 
matter.  It  is  used  extensively  in  producing  coke  and  in  the 
manu&cture  of  illuminating  gas,  in  which  process  it  yields  many 
usefiil  by-products. 

Cannel  coal  is  a  variety  of  this  class  which,  on  account  of  its 
large  proportion  of  volatile  matter,  is  much  used  in  England  for 
gas  making.  The  carbon  of  bituminous  coal  varies  from  70  to  91 
per  cent,  the  sulphur  from  0.40  to  2.25  per  cent.,  the  nitrogen 
from  1. 00  to  2.50  per  cent,  and  the  ash  from  0.75  to  20  per 
cent 

Lignite  is  a  brown  coal  of  more  recent  formation  than  the  two 
preceding  x'arieties.     It  frequendy  retains  the  structure  of  the 
wood  from  which  it  was  formed. 
Jet  is  a  \'ariety  of  this  brown  coal,  so  compact  as  to  take  a  fine 

polish. 

CARBON  AND   HYDROGEN. 

These  two  elements  unite  direcdy  with  each  other,  although 
with  some  difficulty  and  always  under  peculiar  conditions.  The 
number  of  such  compounds,  mostly  formed  by  indirect  means, 
however,  is  very  great.  These  compounds  of  carbon  and  hydro - 
gw.  when  associated  with  oxygen  and  nitrogen,  become  well- 
"'?h  innumerable,  and  make  up  the  material  of  Organic  Chem- 

Utry, 

*^e  subject  of  organic  chemistry,  therefore,  is  confined  to  the 


consideration  of  the  compounds  of  carbon  and  their  derivatH'es, 
and  the  classification  of  these  is  based  on  several  series  oihjdn- 
carbons,  or  compounds  of  carbon  and  hydrogen. 

It  will  be  sufficient  at  this  point  to  give  some  description  of 
two  or  three  compounds  of  these  two  elements  in  order  to  ha« 
them  for  comparison  with  the  hydrogen  compounds  of  the  pre- 
ceding elements. 

METHANE. 

MARSH  GAS. 

Fbrmuta,  CHt.  MoUcular  Wright,  15.97. 

Marsh  gas  is  the  first  member  of  "Cci^  paraffin  series  of  hydro- 
carbons. It  occurs  free  in  nature  wherever  vegetable  matter  is 
undergoing  decomposition  in  the  presence  of  moisture.  This  is 
always  noticeable  where  leaves  and  other  vegetable  matter  an 
under  water,  and  the  bubbles  which  rise  when  such  a  mass  B 
disturbed  are  composed  chiefly  of  this  gas.  It  also  occurs  in 
coal  seams,  giving  rise  to  thejire  damp  of  the  miners,  and  is  the 
explosive  element  in  mine  disasters.  The  very  lightest  part  of 
petroleum  consists  largely  of  this  gas,  and  escapes  as  soon  as  the 
oil  is  relie\'ed  of  its  pressure  on  coming  to  the  surlace.  Closdy 
associated  with  this  is  the  naiural  gas,  which  has  marsh  gas  for 
its  chief  constituent.  Natural  gas  is  found  in  great  abundance  in 
Pennsylvania,  Ohio,  West  Virginia,  and  Indiana,  In  all  these 
places  it  has  been  successfully  used  for  heating,  and,  after  treat- 
ment, also  for  lighting.  It  has  been  found  especially  valuaMe 
in  metallurgical  operations.  The  supply,  which  at  first  seemed 
inexhaustible,  has  in  the  past  few  years  perceptibly  diminished, 
and  it  is  only  a  question  of  some  years  more,  in  many  localities, 
when  a  return  will  be  made  to  other  fuels. 

Preparation. — Marsh  gas  may  be  prepared  by  heating  sodiun 
acetate  and  hydrate  in  an  iron  or  copper  retort,  when  the  follow- 
ing reaction  takes  place  ; 

NaCjHsOa     +     NaOH     =     NaaCOj     -f     CH4. 
Sodium  Sodium  Sodium  Minh 

Acmu.  Hydialc.  Carbonale.  Gas. 

In  practice  it  is  preferable  to  substitute  calcium  oxide  for  a- 
part  of  the  sodium  hydrate,  thereby  preventing  the  mixture  fro»'«* 
liquefying.  This  is  best  accomplished  by  using  sodium  acetat«:»| 
I  part,  and  soda-lime,  4  parts.  Soda-lime  is  made  by  slakir»fi 
calcium  oxide  with  a  solution  of  sodium  hydrate  of  such  streng"*^ 


that  2  parts  of  calcium  oxide  shall  be  mixed  with  i  part   ^^4 


2H,S 

4-       CS, 

Hydrogen 
Sulphide. 

Carbon 
Disulphide. 
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sodium  hydrate.  The  mixture  is  then  dried  and  heated  in  an 
iron  or  Hessian  crucible,  after  which  it  is  preser\'ed  in  a  tighdy- 
dosed  bottle. 

Marsh  gas  may  be  obtained  absolutely  pure  by  adding  zinc 
methyl  to  water : 

Zn(CHa)t       +        2H,0       =       Zn(OH),  -    -f        2CH4. 

Zmc  Water.  Zinc  Marsh 

Methyl.  Hydrate.  Gas. 

Another  method  of  preparation  consists  in  passing  a  mixture 
of  carbon  disulphide  vapor  and  hydrogen  sulphide  over  red-hot 
metallic  copper : 

-f        8Cu        =        4CuaS        +        CH4. 

Copper.  Copper  Marsh 

Sulphide.  Gas. 

This  process  is  of  interest  because  of  the  fact  that  every  one  of 
the  compounds  employed  is  strictiy  inorganic  and  may  be  made 
directly  from  elementary  matter,  thus  rendering  it  possible  to  pre- 
pare many  of  what  are  considered  organic  compounds  syntheti- 
cally. 

Properties. — Marsh  gas  is  colorless,  odorless,  and  tasteless, 
and  is  insoluble  in  water.     At  a  pressure  of  54.9  atmospheres  and 
a  temperature  of  — 81.8®  the  gas  liquefies.     This  liquid  com- 
mences to  boil  at  — 164®  under  ordinary  atmospheric  pressure. 
Marsh  gas  is  combustible,  and  when  mixed  with  2  volumes  of 
oxygen  or  10  volumes  of  air  it  explodes  with  considerable  vio- 
fence.    By  the  electric  spark  the  gas  is  slowly  decomposed  into 
Its  constituent  elements.     When  a  mixture  of  i   volume  of 
warsh  gas  and  2  volumes  of  chlorine  is  exposed  to  direct  sun- 
%ht  or  the  flame  of  a  taper,  a  sudden  reaction  takes  place,  with 
fte  formation  of  hydrochloric  acid,  and  the  separation  of  carbon 
w  a  black,  very  finely  divided  powder.     Marsh  gas  is  not  con- 
wlered  poisonous,  since  when  mixed  with  air  to  the  extent  of  9 
P^  cent  it  has  been  inhaled  by  workmen  in  coal  mines  without 
•rtous  inconvenience. 

ETHENE. 

OLEFIANT  GAS. 
J^armula,  CsH4.  Molecular  Weighif  27.94. 

This  gas  is  the  first  member  of  the  second  series  of  hydro- 
^^ns,  known  as  the  olefine  series^  to  which  it  has  given  the 
name. 

Preparation. — ^The  gas  is  best  prepared  by  heating,  in  a  capa- 
cious glass  flask,  a  mixture  of  i  part  of  alcohol  with  6  parts  of 
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sulphuric  acid  ;  when  the  gas  is  evolving  rapidly  a  further  quan- 
tity of  a  mixture  of  i  part  alcohol  and  2  parts  acid  is  run  slowly 
in,  so  as  not  to  cool  the  contents  of  the  flask  sufficiently  to  re- 
tard the  evolution  of  the  gas.  In  this  way  a  large  yield  is  ob- 
tained from  the  smallest  amount  of  materials.  The  gas  should 
be  washed  by  passing  it  through  concentrated  sulphuric  acid  to 
remove  vapors  of  alcohol  and  ether,  and  then  through  solution 
of  potassium  hydrate  to  remove  carbon  dioxide.  The  reaction 
involved  may  be  expressed  as  follows  : 

CaHeO      =      CaH4      +      HaO. 

Alcohol.  Ethene.  Water. 

The  sulphuric  acid  simply  plays  the  part  of  a  dehydrating  agent, 
and  brings  about  the  reaction  by  its  affinity  for  the  water. 

Properties. — Ethene,  or  ethylene,  is  a  colorless  gas,  having  a 
peculiar,  suffocating,  ethereal  odor.  Its  specific  gravity  is  0.9709. 
At  a  temperature  of  10.10°  and  a  pressure  of  51  atmospheres 
it  liquefies,  and  boils  at  — 103°  under  ordinary  atmospheric  press- 
ure. It  is  soluble  in  8  parts  of  water.  Ethylene  b  an  easily 
combustible  gas,  burning  with  a  very  luminous  flame  and  evolving 
much  smoke.  It  forms  a  mixture  with  3  volumes  of  oxygen, 
which  explodes  violently  on  the  application  of  flame.  It  forms 
an  oily  liquid  with  an  equal  volume  of  chlorine,  which  is  known 
as  the  **oil  of  the  Dutch  chemists.'*  From  this  the  name  of 
**  olefiant  gas"  is  derived. 

ACETYLENE. 

ETHINE. 
Formula^  CaH».  Molecular  Weight,  25.94. 

Preparation. — Acetylene  may  be  prepared  by  the  direct  union  of  carbon 
and  hydrogen.  This  is  accomplished  when  the  carbon  electrodes  of  a 
powerful  battery  approach  each  other  in  an  atmosphere  of  hydrogen.  It 
also  results  whenever  there  is  imperfect  combustion  of  substances  rich  in 
carbon  and  hydrogen. 

Properties. — Acetylene  is  a  colorless  gas,  with  a  peculiar,  disagreeable 
odor.  It  is  condensed  to  a  liquid  at  i®  and  under  a  pressure  of  48  atmos- 
pheres. It  is  moderately  soluble  in  water.  Acetylene  is  combustible, 
burning  with  a  bright  but  smoky  flame. 

ILLUMINATING  GAS. 

COAL   GAS. 

History. — Gas  was  first  used  for  illuminating  purposes  in  the 
house  of  William  Murdock,  at  Redruth,  in  Cornwall,  England. 
He  distilled  coal  in  an  iron  retort,  and  lighted  his  house  with  the 


CARBON  AND  OXYGEN.  275 

which  he  thus  manufactured.  This  occurred  about  1792. 
Gas  was  used  for  lighting  the  streets  of  London  in  181 2,  and 
tHose  of  Paris  in  1815. 

Prepteation. — Illuminating  gas  is  prepared  by  the  destructive 
distillation  of  bituminous  coal,  although  occasionally  some  other 
substances  rich  in  carbon,  like  rosin,  are  used. 

The  process  is  accomplished  in  iroi\  or  fire-clay  retorts,  ten  to 
t-welve  feet  in  length  and  two  or  three  feet  in  diameter.  Usually 
ft^e  of  these  retorts  are  placed  in  a  furnace  together.  The  tem- 
perature employed  approaches  low  redness. 

The  products  of  this  dry  distillation  are  :  (i)  coke,  (2)  water, 
C3)  tar,  (4)  ammonium  carbonate,  (5)  liquid  hydrocarbons,  (6) 
hydrogen  sulphide,  (7)  carbon  dioxide,  (8)  carbon  monoxide, 
>)  sulphur  dioxide,  (10)  hydrogen,  (11)  marsh  gas,  (12)  olefiant 

and  some  other  gaseous  hydrocarbons. 
Of  these,  8,  10,  11,  and  12  are  useful  for  combustion  and  illumi- 
ition  ;  I  is  valuable  for  fuel ;  3,  4,  and  5  have  other  uses,  to  be 
considered  later.     The  volatile  products  are  first  passed  into  the 
l^ydraulic  main,  where  the  water  and  tar  are  separated.     From 
cnce  the  gas  goes  into  condensers,  in  which  more  tarry  and 
£ly  liquids  are  removed.     It  then  passes  into  the  scrubbers, 
liich  consist  of  one  or  more  columns  of  coke  over  which  a  spray 
water  trickles  ;  this  serves  to  wash  the  gas  and  remove  ammo- 
Next  come  the  purifiers,  in  which  the  gas  comes  in  contact 
ith  dry  calcium  hydrate  or  ferric  hydrate,  which   serves  to 
Mnove  the  sulphur  compounds  and  carbon  dioxide.     From  the 
F^^-vifiers  the  gas  goes  into  the  gasometers  for  storage  and  dis- 
budon. 

The  average  yidd  per  ton  of  coal  is  from  ten  to  twelve  thou- 
•xd  cubic  feet. 
Coal  gas  is  considerably  lighter  than  air,  its  specific  gravity 
.rying  firom  0.65  to  0.75. 

The  value  of  gas  for  illuminating  purposes  is  determined  by  com- 

¥^5Mng  the  light  firom  a  jet  burning  five  feet  per  hour  with  the 

"Sht  fix>m  a  sperm  candle  consuming  one  hundred  and  twenty 

Krans  per  hour.     Such  a  gas  flame  should  be  equal  to  thirteen 

fourteen  candles. 

CARBON   AND   OXYGEN. 

There  are  two  well-known  compounds  of  these  two  elements  -* 

Carbon  monoxide,  CO. 
Carbon  dioxide,  CO^. 
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CARBON   MONOXIDE. 

Formula,  CO.  Molecular  Weight,  S/.JJ 

This  compound  is  formed  when  coal  bums  with  an  incomplete 
supply  of  air.  It  may  be  easily  recognized  in  the  combustion 
of  anthracite  coal  by  its  peculiar  blue  flame.  Almost  identical 
with  this  formation  of  it  is  the  one  by  passing  carbon  dioxide 
over  red-hot  charcoal : 

CO,    +    C    =    aCO. 

The  carbon  may  be  replaced  by  iron  and  the  same  result  a- 

tained.     Carbon  monoxide  is  most  easily  prepared  by  headi^ 

oxalic  add  and  concentrated  sulphuric  add  together  : 

HjCgO,     =     COa     +     CO     +     H,0. 

The  sulphuric  acid  acts  by  its  affinity  for  water,  and  so  c 
a  breaking  down  of  the  oxalic  acid  molecule. 

The  mixed  gases  are  passed  through  a  strong  solution  of  sodium 
hydrate  to  absorb  the  carbon  dioxide. 

In  a  similar  manner  formic  acid,  or  a  formate,  may  be  decom- 
posed by  sulphuric  acid  ;  in  this  case,  however,  no  carbon  dioxide 
is  formed : 

HCHO,    =    CO    -t-    H,0. 

An  economical  method  and  one  that  will  yield  the  gas  rapidly 
consists  in  heating  finely  powdered  potassium  ferroc)-anide  with 
eight  or  ten  times  its  weight  of  strong  sulphuric  add  : 
K,Fe(CN)a    +    6H,S04    +    CHjO    ^    aKjSO^    -J-    3(NH.I^   + 
Firroryaiiide,  Add.  Sulphaie.  SulphUc. 

FeSO*       -H       6CO. 


As  soon  as  the  reaction  commences  the  heat  must  be  removed 
and  the  vessel  cooled,  if  necessary,  in  order  to  prevent  too  rapi^ 
evolution  of  the  gas.     The  water  necessary  in  the  above  reactioic*. ' 
is  derived  from  the  water  of  crystallization  in  the  potassium  feriK:*— 
cyanide  and  from  the  small  quantity  in  the  commercial  sulphur^^ 
add. 

Properties. — Carbon  monoxide  is  a  colorless  gas,  with  a  |7>« 
culiar  odor.  It  is  very  slightly  soluble  in  water  and  has  no  eft^e^ 
on  litmus  paper.  It  readily  burns  in  air  or  oxygen  with  a  3^34 
ai liar  pale- blue  flame,  the  product  of  its  combustion  being  car%=X] 
dioxide : 

CO    +    O    =    COg. 
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When  added  to  half  its  volume  of  oxygen,  a  mixture  is  formed 

liich  explodes  on  the  application  of  flame. 

The  action  of  carbon  monoxide  on  the  human  system  is  that 

a  narcotic  poison.     A  small  amount  in  the  air  is  suflicient  to 

produce  giddiness  and  headache,  followed  by  insensibility.     Its 

p>^culiar  action  appears  to  be  due  to  the  formation  of  a  compound 

with  the  haemoglobin  of  the  blood,  the  latter  acquiring  a  purplish 

color. 

CARBON   DIOXIDE. 

Formula t  CO2.  Molecular  Weighty  43-89. 

History. — Carbon  dioxide  was  discovered  by  Paracelsus  about 
1 5  20,  and  was  further  investigated  by  Van  Helmuth  in  the  early 
pa.rt  of  the  seventeenth  century.  Its  chemical  nature  was  first 
nnside  out  by  Lavoisier. 

Occurrence. — Carbon  dioxide  occurs  free  in  the  atmosphere 
to  the  extent  of  three  or  four  volumes  in  ten  thousand.  It  is 
ft>und  in  many  mineral  waters,  and  in  the  craters  of  some  extinct 
v-olcanoes.  Combined  with  various  bases  as  carbonates  it  is  still 
'^^ore  abundantly  distributed.  The  principal  one  of  these  com- 
I>onnds  is  calcium  carbonate,  which,  as  marble,  limestone,  and 
:,  is  one  of  the  most  abundant  of  minerals. 
Preparation. — Carbonates  and  bicarbonates  when  heated  yield 
gas  according  to  the  following  : 

CaCOg    =    CaO    +    COg. 
2NaHCOa    =    NaaCOg    -}-    HgO    -}-    COj. 

"When  small  quantities  are  desired  it  is  rapidly  and  conveniently 
le  from  marble  and  hydrochloric  acid  : 

CaCOa    +    2HCI    =    CaCla    +     HgO    -f    COa- 

The  same  result  may  be  attained  by  the  use  of  sulphuric  acid, 
^v^t  the  calcium  sulphate  which  is  formed  is  quite  insoluble,  and 
^l^^refore  difficult  to  remove  from  the  flask. 

When  a  current  of  air  is  passed  over  red-hot  carbon  the  prod- 
^ot  is  carbon  dioxide,  provided  the  air  be  kept  in  excess.  This 
^^d  the  method  by  heating  a  carbonate  are  used  for  furnishing 
^^e  gas  in  the  manufacture  of  carbonates  on  the  large  scale. 

Properties. — Carbon  dioxide  is  a  colorless  gas  with  a  faint 

^^or  and  weak  acid  taste.     It  is  1%  times  heavier  than  air  and 

^2  times  heavier  than  hydrogen,     i  volume  of  water  dissolves 

^    volume  of  the  gas  at  ordinary  atmospheric  pressure.      This 

Solubility  of  the  gas  is  increased  i  volume  for  every  increase  of 

^  atmosphere  in  pressure. 
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A  solution  containing  about  5  volumes  of  the  gas  in  water 
constitutes  the  so-called  "soda-water"  which  is  dispensed  intht 
pharmacies  of  this  country.  This  solution  is  prepared  by  gener- 
ating the  gas  from  marble  dust  and  sulphuric  acid,  in  closed  cuf- 
per  generators,  and,  after  purifying  the  gas  by  passing  it  ihroi^ 
water  containing  sodium  bicarbonate,  it  is  passed  into  water  in 
steel  cylinders,  which  are  constantly  agitated  in  order  to  ^dliiate 
the  absorption.  Only  porcelain-lined  steel  cylinders  and  block- 
tin  pipes  should  be  used.  Lead  and  copper  are  dissolved  by  the 
solution.  It  was  fonnerly  the  custom  to  store  the  solution  in 
copper  cylinders  lined  with  tin.  In  such  vessels  the  soda-wate 
frequently  becomes  contaminated  with  copper.  The  water  should 
give  no  coloration  with  ammonium  hydrate  or  sulphide,  and  no 
precipitate  with  potassium  ferrocyanide,  thus  indicating  ibe 
absence  of  copper. 

The  gas  is  more  soluble  in  alcohol  than  in  water. 

Under  a  pressure  of  38.5  atmospheres  at  a  tempeiature  of  e? 
carbon  dioxide  is  condensed  to  a  colorless,  mobile  liquid.     This 
liquid  has  a  specific  gravity  of  0.923  at  0°,  and  0.782  at  20°,    It 
is  not  miscible  with  water,  and  has  no  action  on  dry  litmus  paper. 
When  liquid  carbon  dioxide  is  suddenly  released  from  pressure, 
such  an  intense  degree  of  cold  is  produced  as  to  cause  a  portion 
of  the  liquid  to  solidify.     This  solidification  may  also  be  accom- 
plished by  cooling  the  liquid  to  — 65°.     This  solid  carbon  dioxide 
is  capable  of  producing  an  intense  degree  of  cold  ;    to  accom- 
plish this  the  solid  is  mixed  with  ether  and  placed  under  the  re- 
ceiver of  an  air  pump.     On  account  of  the  rapid  x-aporization  d     1 
the  oxide  a  temperature  of — 110°  is  produced.     This  solid  may 
be  handled  with  safety,  as  it  is  alwa}-s  surrounded  by  a  thin  ia>fr- 
of  the  gas  ;  when,  however,  it  is  pressed  into  contact  with  tti^^ 
skin  it  will  cause  a  blister. 

Carbon  dioxide  is  neither  combustible  nor  a  supporter  nf  1  m  ^ 
bustion.  This  property  may  be  illustrated  by  lowering  a  light^=^« 
taper  into  a  vessel  of  it,  or,  since  it  is  heavier  than  air,  by  poi^  ~m 
ing  it  down  an  inclined  board  on  which  are  placed  a  number  ^^ 
lighted  candles.  Under  the  name  of  '"choke  damp"  it  sotr:*^ 
times  collects  in  old  wells,  and  is  detected  by  lowerii^  a  l^hc^a 
candle,  which  will  be  extinguished  if  the  gas  is  present.  TtJ 
choke  damp  results  from  the  explosion  of  marsh  gas  in  miim^^ 
and  frequently  fatally  supplements  the  destruction  caused  by  "KJta 
lattei 

When  present  in  the  atmosphere  to  the  extent 


extent  of  I  per  Q^^si 


CARBON   AND  OXYGEN.  279 

inconvenience  in  breathing  is  experienced,  and  10  per  cent,  will 
cause  insensibility.  Its  deleterious  action  on  respiration  results 
from  the  exclusion  of  oxygen  rather  than  from  any  inherent 
poisonous  property  of  the  gas.  It  may  be  taken  into  the  stomach 
in  aqueous  solution  with  advantage  in  many  cases. 

Carbon  dioxide  when  dissolved  in  water  appears  to  form  a 
definite  compound,  carbonic  acid,  as  follows  : 

COa    +     HgO    =    HaCOg. 

Carbon  Water.  Carbonic 

Dioxide.  Acid. 

This  solution  reddens  litmus  paper,  and  is  decomposed  by  heat^ 
t-Hc  gas  escaping  with  effervescence. 

Uses. — Carbon  dioxide  is  employed  in  the  manufacture  of 
osArbonates  ;  its  solution  in  water  is  extensively  used  as  a  bever- 

;e ;  and  it  forms  an  important  constituent  of  the  chemical  fire 

tinguishers.  Apart  from  these,  and  on  a  much  larger  scale,  it 
^^isists  in  the  growth  of  plant  life.  Large  quantities  of  it  are 
tl^rown  into  the  atmosphere  by  man  and  animals  ;  it  is  there  de- 
oomposed  by  the  chlorophyll  of  plants  aided  by  sunlight ;  the 
oairbon  resulting  from  this  decomposition  goes  to  make  up  the 
structure  of  the  plant,  while  the  oxygen  is  rejected  and  returns  to 
n^^intain  the  proper  proportion  of  that  element  in  the  atmosphere. 

Carbonates. — The  salts  of  carbonic  acid  are  usually  prepared 
passing  carbon  dioxide  into  a  solution  of  a  hydrate  of  the  base  : 
2KOH     +     COa    =    KaCOg    +     HaO, 

they  are  formed  by  double  decomposition  between  a  soluble 
^^^^rbonate  and  a  soluble  salt  of  the  base  : 


S^^aaCO,    H-    5MgS04 

4-    6HaO    -    (MgC03)4,Mg(OH)a.5HaO    -f 

^^^^ddinm             Marnesium 
^^siwnate.             Sulphate. 

Water.                      Magnesium  Carbonate. 

5NaaS04    +    COa- 

Sodium              Carbon 

Sulphate.           Dioxide. 

The  carbonates  of  the  alkalies  are  soluble  in  water,  all  others 
insoluble.     The  acid  carbonates  of  the  alkalies  and  the  alka- 
**rie  earths  are  soluble  in  water  and  all  others  are  insoluble. 

The  carbonates  of  the  alkalies,  alkaline  earths,  and  some  metals 
^^'"c  quite  stable  ;  the  acid  carbonates  are  decomposed  on  heating 
^nd  by  boiling  their  aqueous  solutions. 

Detection. — Carbonates  are  detected  by  the  escape  of  carboit 
dioxide  on  the  addition  of  a  weak  acid.     The  escaping  gas  causes 
^  precipitate  when  passed  into  a  solution  of  calcium  hydrate^ 
"^luch  predpitate  redissolves  on  tht*  further  addition  of  the  gas* 
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PRACTICAL   EXERCISES. 

( 1 )  Place  a  few  pieces  of  marble  (calcium  carbonate)  in  a  flask  arranged 
as  for  the  preparation  of  hydrogen,  cover  with  water,  and  add  hydro- 
chloric acid  ;  a  brisk  evolution  of  carbon  dioxide  occurs.  The  gas  may 
be  collected  over  water,  although  it  is  somewhat  soluble  in  that  liquid ; 
it  may  also  be  collected  by  downward  displacement,  as  it  is  considerably 
heavier  than  air. 

( 2 )  Pour  some  clear  lime  water  into  a  jar  of  the  gas  and  agitate ;  the 
solution  immediately  becomes  cloudy,  owing  to  the  formation  of  insoluble 
calcium  carbonate.  If  the  gas  be  passed  in  for  some  time  the  liquid  will 
become  nearly  clear  again,  on  account  of  the  solubility  of  the  precipitate 
in  excess  of  carbonic  acid. 

(3)  Add  solution  of  potassium  hydrate  to  a  test-tube  or  jar  of  the  gas, 
close,  and  agitate  well ;  the  gas  is  absorbed  by  the  alkali,  as  may  be  shown 
by  placing  the  vessel  under  water  and  removing  the  stopper,  when  the 
-water  will  rush  in,  nearly  filling  it. 

(4)  A  lighted  taper  lowered  into  the  gas  is  immediately  extinguished. 
The  same  result  is  accomplished  by  pouring  the  gas  into  the  vessel  some 
•distance  above  the  flame  and  allowing  the  gas  to  settle  down  upon  it 
The  latter  experiment  also  illustrates  the  weight  of  the  gas,  which  is 
twenty-two  times  heavier  than  hydrogen. 

COMBUSTION  AND   ILLUMINATION. 

1.  Chemical  Nature  of  Combustion. — ^This  is  in  all  ordi- 
nary cases  a  combination  of  the  burning  body  with  oxygen,  sup- 
plied by  the  air,  which  is  the  usual  supporter  of  combustion. 
This  is  readily  established  by  examining  the  products  of  combus- 
tion, which  in  these  cases  are  oxides.  They  may  be  solids  as 
with  the  products  of  the  combustion  of  metals,  liquids  as  in  the 
case  of  hydrogen  oxide,  or  water,  or  gases  as  in  the  case  of  the 
oxides  of  carbon. 

As  these  combustions  involve  direct  chemical  union  of  the  ele- 
ments concerned,  it  matters  not  which  is  the  combustible  body 
and  which  the  supporter  of  combustion.  We  may  in  many  cases 
easily  reverse  the  ordinary  conditions.  Thus,  a  jet  of  hydrogen 
or  illuminating  gas  will  burn  in  an  atmosphere  of  air  or  oxygen 
because  the  hydrogen  or  the  hydrocarbons  of  the  illuminating 
gas  combine  chemically  with  the  oxygen.  For  the  same  reason, 
a  jet  of  oxygen  will  burn  in  an  atmosphere  of  hydrogen  or  illumi- 
nating gas  if  such  be  arranged.  A  jet  of  air  will  also  burn  in 
the  atmosphere  of  illuminating  gas,  the  air  being  for  the  time 
called  the  combustible  body  and  the  illuminating  gas  the  sup- 
porter of  combustion. 

2.  Conditions  of  Combustion.— Combustion  may  be  slow 
or  rapid,  accompanied  by  flame  or  not,  according  to  conditions. 
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Fig.  57. 


Tlie  appearance  of  flame  indicates  a  burning  gas,  which  may  be 
gfiA'cn  off  even  when  solids  or  liquids  are  taken,  in  consequence 
of"  the  heat.  A  certain  temperature  is  necessary  for  flame.  The 
temperature  of  a  gaseous  combustion  may  be  so  lowered  that  the 
fla.me  is  extinguished.  For  instance,  metallic  gauze  has  this 
effect  upon  a  flame  because  of  its  excellent  conducting  powers 
wrliereby  the  temperature  is  rapidly  lowered.  If  a  piece  of  gauze 
is  pressed  down  upon  a  lighted  gas-jet  the  flame  will  not  pene- 
tjrate  the  gauze,  or  if  the  gas  be  lighted  above  the  gauze  the  flame 
iw-iU  not  communicate  to  the  gas  issuing  below.  The  Davy  safety- 
IsLmp  is  an  application  of  this  principle. 

3.  The  Structure  of  Flame. — An  ordinary  candle  flame  or 
gpas-jet,  as  shown  in  Fig.  57,  is  composed  of  several  cones.  The 
in  iier  cone  contains  gaseous  hydrocarbons  not  as 
y^t  ignited,  the  middle  cone  contains  an  excess 
of  carbon  rendered  incandescent  at  the  tempera- 
tixre  of  the  flame,  while  the  outer  cone  is  bluish 
ar^d  has  no  unconsumed  carbon. 

The  feet  that  unconsumed  hydrocarbon  gases 
^3cist  in  the  inner  cone  of  a  gas  flame  can  be 
demonstrated  by  introducing  a  small  glass  tube 
ot>liquely  from  one  side  and  taking  off  this  gas 
to  be  burned.  A  phosphorus  match  may  also  be 
l^^ld  with  the  head  placed  in  this  point  of  no 
mbustion,  and  the  phosphorus  composition  will 
^It  but  not  ignite  until  withdrawn  and  allowed 
t^>    come  in  contact  with  the  air. 

^.  Distinction    between    Luminous    and 
^^^^n-Luminous  Flames. — While,  as  stated,  the  appearance 
^^    flame  indicates  a  burning  gas,  the  luminosity  of  the  flame 
depends  upon  the  separation  in  the  flame  of  small  solid  particles 
rendered  incandescent  by  the  heat.     Thus,  in  the  ordinary  gas 
**2UBe  we  have  particles  of  carbon  separated  and  rendered  incan- 
descent    If  sufficient  oxygen  or  air  be  admitted  to  the  cone  of 
*e  flame,  the  hydrocarbon  gases  will  be  consumed  without  sepa- 
^tion  of  carbon.     This  may  be  done  in  either  one  of  two  ways, 
"^y  the  aid  of  the  blowpipe  or  blast  lamp,  which  directs  a  cur- 
rent of  air  direcdy  into  the  cone  of  the  flame,  or  by  mixing  air 
^th  the  illuminating  gas  before  it  is  burned,  as  in  the  Bunsen 
burner. 

The  mouth  blowpipe  is  often  used  for  the  purpose  of  directing 
^  small  but  very  hot  flame  upon  any  object.     We  are  capable  of 
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getting  two  quite  distinct  chemical  effects  by  its  aid.  If  the  long 
pointed  blowpipe  flame  be  examined  it  will  be  seen  that  we  have 
an  inner  and  an  outer  blue  cone.  If  the  substance  to  be  heated  be 
placedjust  within  the  bounds  of  the  inner  cone,  weget  a  reducing 
effect ;  that  is,  it  is  deoxidized,  because  of  the  deficiency  of  oxygen 
here  ;  if, '  on  the  other 
F'G.  58.  hand,   the   substance    be 

heated  by  the  outer  cone 
of  the  flame,  we  get  an 
oxidizing  effect,  because 
of  the  excess  of  oxjgen 
present  in  this  part  of 
the  flame. 

The  Bunsen  burner,  as 
shown  in  Fig.  58,  is  a 
most  convenient  form  of 
apparatus  for  changing  a 
luminous  flame  into  a 
non -luminous  one.  As 
seen  in  the  illustration, 
the  gas  first  issues  from 
a  small  jet.  Here  it 
would  tend  to  burn  with 
the  yellow  luminous 
flame-  But  a  tall  chim- 
ney is  screwed  on  to  an 
outer  casing  surrounding 
the  jet  and  air  is  admitted 

^  -^_    _  __  through  openings  in  the 

~"=^^   ~  "  "  -     "        ~  ~        °^       base    of    this    chimney. 

Bunun  buniet.  The  gas  issuing  from  the 

inner    jet     produces    a 

strong  upward  draft  in  the  chimney,  and  a  mixture  of  gas  and 

air  therefore  rises  and  is  ignited  at  the  top  of  the  chimney. 

Two  methods  of  changing  the  non-luminous  flame  into  a  lumi- 
nous flame  exist.  We  may  pass  a  gas  like  hydrogen  over  volatile 
hydrocarbons,  like  benzene,  petroleum -ether,  or  naphthalene, 
and  so  enrich  it  with  hydrocarbon  vapors,  or  we  may  direct  a  hot 
non-luminous  flame  like  that  of  the  oxyhydrogen  blowpipe  upon 
solids  like  caustic  lime,  which  are  thereby  rendered  incandescent. 
Both  methods  are  of  practical  application,  as  in  the  carburetting 
of  water-gas  and  in  the  production  of  the  "  lime-light." 
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CARBON  AND   SULPHUR. 
CARBON  DISULPHIDE. 

Formula^  CS2.  Molecular  Weight,  75.93. 

Cartx)n  disulphide  was  discovered  by  Lampadius  in  1796.  It 
is  prepared  by  a  direct  union  of  the  elements  at  a  red  heat.  For 
this  purpose  a  cast-iron  cylinder  or  earthenware  retort  is  filled 
with  charcoal,  and  heated  to  redness ;  sulphur  is  then  introduced 
at  the  bottom  ;  the  vapor  rising  combines  with  the  carbon  and 
F>asses  over  into  a  series  of  condensers.  Some  hydrogen  sulphide 
is  formed  at  the  same  time,  which  is  removed  by  agitation  with 
rnercury.  The  carbon  disulphide  is  then  redistilled.  Fat  or  wax 
is  sometimes  added  to  the  liquid  before  redistillation  in  order  to 
assist  in  the  removal  of  the  more  offensive-smelling  compounds 
of  sulphur. 

Properties.  —  Carbon  disulphide  is  a  colorless,  mobile, 
strongly-refracting  liquid,  which,  as  it  comes  in  commerce, 
usually  has  a  fetid  odor,  due  to  various  sulphur  impurities,  but 
'w^hen  purified  as  above  described,  is  of  a  mild  ethereal  odor.  It 
is  insoluble  in  one  thousand  parts  of  water,  but  mixes  in  all  pro- 
portions with  absolute  alcohol,  ether,  chloroform,  and  the  fixed 
and  volatile  oik.  It  solidifies  at  — 1 16°  and  melts  at  — 1 10°.  Its 
'V'apor  is  very  inflammable,  taking  fire  in  the  air  at  149°  ;  this  may 
t>e  effected  by  bringing  a  test  tube  of  paraflin  heated  to  this  tem- 
perature in  contact  with  it.  The  result  of  its  combustion  is  car- 
*^on  dioxide  and  sulphur  dioxide : 

CSg    -I-    30a    =    COa    +    aSOj. 

The  vapor  when  mixed  with  nitrogen  dioxide  readily  burns,  on 
^^e  application  of  flame,  with  a  peculiar  bluish  flame,  which  is 
^'^ry  rich  in  actinic  rays.  The  vapor  acts  as  a  poison  on  man 
^'^d  animals,  even  in  very  small  amount ;  if  it  be  inhaled  for 
^^me  time  it  will  produce  serious  effects  upon  the  ner\'ous 
System. 

Uses. — Carbon  disulphide  is  used  extensively  in  the  arts  on 

Account  of  its  great  solvent  action  on  oils  and  rubber.     It  has 

^^^n  extensively  used  in  France  to  destroy  the  grape  pest  or 

phylloxera.    For  the  latter  purpose  it  is  often  first  converted  into 

^  sulphocarbonate  of  sodium.     (See  also  Xanthogenates  under 

Organic  Chemistry.) 

Detection. — Carfaion  disulphide  is  detected  by  mixing  a  small 
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quantity  of  the  liquid  with  alcoholic  ammonia,  and  evaporating 
on  a  water-bath,  when  ammonium  sulphocyanate  is  formed  : 

CSa    4-    4NHa    =    NH4SCN    +  (NH4)aS. 

Carbon         Ammonia.         Ammonium  Ammonium 

Disulpbide.  Sulphocyanate.         Sulphide. 

On  acidifying  the  residue  with  hydrochloric  acid,  and  adding 
ferric  chloride  solution,  the  red  color  of  ferric  sulphocyanate  is 
developed. 

Sulphocarbonic  or  Thiocarbonic  Acid,  H2CS3. — When  sodium  hydrate 
is  brought  in  contact  with  carbon  disulphide,  the  sodium  salt  of  thiocar- 
bonic acid  is  formed : 

6NaOH    4-    aCSj    =    aNajCSa    +    Na^COa    -f    sHjO. 

Sodium  Carbon  Sodium  Sodium  Water. 

Hydrate.  Disulphide.     Thiocarbonate.       Carbonate. 

The  free  acid  is  obtained  when  hydrochloric  acid  is  added  to  ammo- 
nium thiocarbonate : 

(NH4)aCSa    +    2HCI    =    2NH4CI    -f    HjCSa. 

This  acid  is  a  yellowish-brown,  heavy  oil,  which  easily  decomposes, 
when  heated,  into  hydrogen  sulphide  and  carbon  disulphide : 

The  thiocarbonates  of  the  alkalies  and  alkaline  earths  are  soluble  in 
water.  The  potassium  salt  mixed  with  carbonate  is  obtained  when  car- 
bon disulphide  is  added  to  potassium  hydrate  solution,  and  is  used  as  a 
remedy  against  phylloxera.  Its  action  depends  on  the  carbon  disulphide 
which  is  liberated  when  the  mixture  comes  in  contact  with  earth. 

Carbonyl  Sulphide,  COS,  is  supposed  to  exist  in  some  sulphur  waters. 
It  may  be  obtained  by  the  direct  union  of  carbon  monoxide  and  sulphur 
vapor,  when  passed  through  a  red-hot  tube ;  but  it  is  more  easily  made 
by  acting  on  potassium  sulphocyanate  with  sulphuric  acid  : 

KCNS  +   2HaS04  +   HaO  =   NH4HSO4  +  KHSO4  +   COS. 

Potassium         Sulphuric  Water.  Acid  Ammo-         Acid  Potas-        Carbonyl 

Sulphocyanate.        Acid.  nium  Sulphate,    slum  Sulphate.    Sulphide. 

It  is  a  colorless  gas,  with  a  disagreeable,  sulphuretted  odor ;  very  in- 
flammable, burning  with  a  bright  blue  flame.  It  is  soluble  in  an  equal 
volume  of  water,  and  this  solution  gradually  decomposes  into  carbon 
dioxide  and  hydrogen  sulphide : 

COS    +    HgO    =    COa    +    HgS. 
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CHAPTER   Vrif. 

CLASSIFICATION  OP  TH£   ELEMENTS. 

PERIODIC   SYSTEM. 


Reference  has  been  made  in  a  previous  section  to  a  compre- 
hemive  classification  of  the  elements.  While  this  has  hitherto  been 
based  on  valence  in  the  main,  it  can  now  be  made  to  cover  much 
more  and  to  indicate  many  additional  points  of  relationship  be- 
tween the  elements. 

Elements  showing  similarity  of  properties  have  for  many  years 
lieen  classed  together  in  groups  or  families,  and  the  gradations  of 
properties  within  these  groups  were  noticed  to  correspond  with 
Ihe  r^ular  increase  in  atomic  weights  of  the  elements.  But  it 
•»s  not  until  1869  that  these  peculiar  relations  were  embodied  in 
•hat  is  called  \he  periodic  Saw. 

Mendelejeff  and  Lothar  Meyer  in  1869-1870  independently 
J^Wrxed  that  if  the  elements  were  arranged  according  to  their 
■^•ffeasing  atomic  weights,  elements  showing  similarity-  of  proper- 
"^  *-ill  recur  after  certain  interv'als.  Thus  the  properties  of  the 
"™<Tt/j  are  periodic  functions  of  the  atomic  weights. 

-^  glance  at  the  table  on  the  following  page  will  show  that  the 

*™ients  following  hydrogen  in  atomic  weight  are  arranged  in 

t**  periods  of  seven,  Li  to  F  and  Na  to  CI,  and  the  succeeding 

dernents  in  periods  of  seventeen,  the  elements  at  the  beginning 

iiid  at  ihe  end  of  both  large  and  small  periods  showing  almost 

complete  analogy  in  physical  and  chemical  properties,  while  all 

the  members  of  the  laige  periods  present  as  complete  an  analogy 

'in  their  corresponding  elements.     Thus  K,  Rb,  and  Cs  show 

Vcrfet  agreement  with  Li  and  Na,  Zn  and  Cd  with  Be  and  Mg  ; 

\ik.ewise  there  is  the  same  analogj'  at  the  ends  of  the  periods,  Br 

«wi  1  being  clearly  members  of  the  same  group  as  F  and  CI, 

while  in  the  middle  of  the  large  periods  Zn  and  Cd  and  Ga  and 

In  are  m  perfect  accordance.     In  this  table,  if  we  read  horizon- 

cJly  we  have  the  several  smaller  and  larger  periods  indicated. 

1.       When  we  read  vertically  we  have,  by  reason  of  the  recurrence  of 

I       MniUr  elements,  the  valence  groups  indicated.      It  is  possible, 

>iw,  b  these  vertical   columns  to  indicate   sub-groups,  as,  for 

niaance,  m  tbe  second  column  we  have  the  alkaline  earths  as  one 

^Bo-gTonp  and  the  beryllium  and  magnesium  group  as  another 

I  28s 
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sub-group.  Both  the  hydrogen  valence  and  the  oxygen  valence 
separately  recognized  in  the  headings  of  the  vertical  columns, 
many  breaks  in  the  list  indicate  hypothetical  elements  that 
may  yet  be  discovered. 

Both  ph3rsical  and  chemical  properties  may  be  determined  to  a 
very  marked  degree  by  the  periodic  law.  This  is  ver>'  clearly 
shown  in  the  cases  of  the  measurable  physical  properties,  which 
manifest  either  a  maximum  or  a  minimum  in  the  middle  of  both 
large  and  small  periods,  as  may  be  seen  in  considering  the  specific 
gravities  of  some  of  the  elements  : 

Na      Mg      Al       Si       P       S        CI 

Spedfic  gravity,  .67    1.7    2.5    2.5    2.     1.9    1.3 

K      Ca     Sc     Ti      V      Cr     Mn     Fe     Co      Ni     Cu      Zn     Ga     As      St      Br 
-S6    1.6   3.8   —    5.5    6.8    7.2    7.9   8.5    8.8   8.8   7.1    5.9   5.6    4.6    2.9 

Also  in  the  case  of  the  chemical  properties,  maxima  and  minima 
may  be  shown  in  the  case  of  valence,  the  hydrogen  valence  being 
at  the  maximum  in  the  middle  of  the  period,  thus  : 

I.  II.  III.  IV.  III.  II.  I. 

NaR     MgRa     AlRs     SiH4     PH3     SHj      CIH 

While  in  the  case  of  the  salt-forming  oxides  the  maximum 
'Valence  increases  with  the  small  periods,  thus  : 

II.  II.  III.  IV.  V.  VI.  VII. 

NagO     MgO     AlaO,     SiOj     PaOa     SO3     €1,07 
And  in  the  large  periods  increases  with  a  double  periodicity  : 

L         IL  III.  IV.         V.  VI.  VII. 

Kfi    CaO    Sc^Oa    TiO,    VjOa    CrOa     MnjO^ 

VI.  IV.  II. 

FeO,    CoOa    NiO 

I.  II.         III.        IV.        V.  VI.         VII. 

CUgO    ZnO    GagO,    —    AsaOa    SeOa    Bra07 

On  account  of  the  gradations  in  properties  of  the  elements  the 
^3tistencc,  position,  and  properties  of  undiscovered  elements  may 
^  predicted.  In  general  the  value  of  any  property  of  an  element 
^  the  mean  between  the  values  of  the  same  property  of  the  elc- 
*>^ents  on  all  four  sides  of  it  in  the  table.  When  this  table  was 
first  prepared  there  were  gaps  between  boron  and  yttrium,  be- 
^ecn  aluminum  and  indium,  and  between  silicon  and  tin.  To 
^ese  hypothetical  elements  Mendelejeff  assigned  the  names  of 
«ka-boron,  eka-aluminum,  and  eka-silicon,  and  minutely  described 
^eir  properties.     In  1875,  1879,  and  1886  gallium,  scandium. 

%d  germanium  were  discovered  respectively  with  the  properties 

^sdgned  by  Mendelgeff. 


288  CHEMISTRY  OF  THE  NON-METALS. 

The  only  explanation  of  the  agreement  in  the  properties  of  the 
elements  with  the  atomic  weights  is  that  all  the  elements  are  ag- 
gregations of  the  same  primordial  substance.  Hydrogen  was 
once  believed  to  be  this  substance,  chiefly  because  of  the  fact  that 
it  looked  at  first  as  if  the  atomic  weights  of  all  the  elements  were 
simple  multiples  of  the  hydrogen  atom.  This  has  been  shown 
to  be  incorrect  by  recent  accurate  atomic  weight  determinations. 
(See  reference  to  Prout's  law,  p.  109.) 
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CHAPTER    I. 

THE  ALKAU   METALS. 

General  Characters. — The  alkali  group  of  metals  consists 
oT  Potassium,  Sodium,  Lithium,  Rubidium,  Csesium,  and 
the  atomic  group  Ammonium. 

In   this  group,  the  valence  of  the  individual  members  is  the 
immediate  reason  for  so  classifying  them.     They  have  numer- 
ous   other  properties  in  conmion,  for  instance,  their  soft,  wax- 
Eke  consistence,  their  low  specific  gravity,  all  but  rubidium  and 
caesium  being  lighter  than  water,  their  strong  metallic  lustre,  and 
tlieir  low  melting  points.     Of  course,  where  the  metals  are  to 
be  compared,  anmionium  is  excluded  ;  but  the  compounds  of  all 
the    members  bear  a  close  resemblance  to  one  another.     The 
metals  all  energetically  decompose  water,  evolving  hydrogen, 
and  forming  hydrates  in  solution  which  have  a  strongly  alkaline 
reaction. 

The  salts  are  nearly  all  soluble  in  water,  the  chief  exceptions 
being  lithium  phosphate  and  carbonate.  Potassium,  ammonium, 
rubidium,  and  caesium  form  insoluble  tartrates  and  chloroplati- 
nates,  while  sodium  and  lithium  do  not.  Some  other  distin- 
guishing characters  of  their  salts  will  be  noted  when  they  come 
to  be  treated  anal)rtically. 

POTASSIUM. 

Symbol,  K.  Atomic  Weight,  39.1.  Valence,  I. 

nistory. — ^The  salts  of  potassium  have  been  known  from  the 
*^€st  times.  They  were  probably  first  extracted  from  wood 
^  .  under  the  name  alkali.  Previous  to  1736  there  was  no 
7^"ction  between  the  salts  of  potassium  and  sodium.  The 
**^^  then  became  known  as  potashes, 
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The  metal  potassium  was  discovered  in  1807  by  Da¥y,»U 
separated  it  by  the  electrolysis  of  potassium  hydrate.  Its  ct 
mentary  character  was  not  finally  admitted  until  1811,  aftei  tbt 
investigations  of  Gay-Lussac  and  Th^nard. 

Occurrence.— Potassium  is  widely  distributed  in  nature,  bw 
never  in  the  metallic  state.  In  the  mineral  kingdom  it  is  foundii 
nitrate  or  nitre,  as  the  double  magnesium  and  potassium  chloriife, 
or  cariiallite,  and  as  the  chloride,  or  sylvite.  It  occurs,  W- 
ever,  most  extensively  as  silicate  in  many  rocks;  especially  it 
potash -feldspar,  where  it  is  found  to  the  extent  of  10  to  15  p« 
cent.  As  feldspar  is  a  constituent  of  granite,  it  will  be  seer  thii 
the  distribution  is  very  wide. 

The  other  abundant  rocks  that  contain  potassium  are  syenitt, 
gneiss,  and  micaceous  schist.  Many  mineral  waters,  and  the 
waters  of  the  ocean,  contain  small  proportions  of  the  potasfauio 
salts. 

Potassium  is  found  abundantly  in  the  vegetable  and  animal 
kingdoms.  It  is  a  necessary ,  constituent  of  plants,  and 
absorbed  by  them  from  the  soil.  The  condition  in  which  it 
exists  in  the  soil  is  usually  as  a  compound  with  some  organic  acid. 
Plants  obtain  their  supply  of  this  element  from  the  soil  where  il 
is  stored.  The  soil  retains  more  potassium  than  it  does  sodium. 
The  animal  body  contains  a  considerable  proportion  of  potassium 
salts.  The  salts  of  sodium  are  eliminated  from  the  system  while 
those  of  potassium  are  retained. 

Sheep's  wool  contains  nearly  one-third  its  weight  of  potassium 
salts,  which  are  known  in  commerce  as  suinl. 

Sources. — The  world's  supply  of  potassium  salts  is  derived 
chiefly  from  the  chloride  and  carbonate.  The  chloride  of  potas- 
sium Ls  obtained  from  the  carnallite  and  sylvite  of  Stassfurt.  Ger- 
many. The  output  of  chloride  in  1891  was  over  65,000  tons. 
A  considerable  quantity  of  the  sulphate  of  potassium  occurs  at 
Stassfurt,  with  the  chloride. 

The  carbonate  Is  obtained  from  wood  ashes,  and  the  supply  at 
the  present  time  is  chiefly  furnished  by  Russia,  although  a  distinct 
amount   is  produced  in  the  United  States  and  Canada.     Small 
quantities  of  the  carbonate  are  also  obtained  from  the  beet-root.^ 
residues  after  the  preparation  of  the  sugar.     The  washings  froic^ 
sheep's  wool,  after  evaporation  and  calcination,  form  an  addiliong^ 
source  for  potassium  salts  in  the  form  of  carbonate,  ] 

Preparation. — Potassium  may  be  prepared  by  subjecting  so"^g 
potassium  hydrate  to  a  strong  electric  current.     The  metal  ^,~-^ 
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ydrogen  are  liberated  at  the  negative  pole  and  oxygen  at  the 
ositive  pole,  as  follows  : 

aKOH    =    K,    +    Hg    +    Oa. 
This  process  has  been  perfected  by  Castner,  so  as  to  render  it 
available  for  producing  the  metal  on  a  lai^  scale.     The  apparatus 
ty  which  this  is  accomplished  is  illustrated  in  Fig.  59. 


Elfctrolytlc  prep«t 

The  iron  vessel  a  contains  the  melted  potassium  hydrate,  whidi 
is  mMtilaiiied  in  a  fused  condition  by  the  gas-jets  G.  The  nega- 
tive electrode  H  is  brought  from  the  bottom,  the  positive  electrode 
v  is  suspended  from  the  top,  and  the  two  are  separated  by  an  iron 
wirec^e.  H  is  sealed  in  position  by  the  metallic  hydrate  K  below 
the  gis-jets  after  it  has  cooled.  The  vessel  and  its  attachments 
*n  supported  by  the  brickwork  R  ;  p  is  an  aperture  for  the  inser- 
foQ  0/  a  thermometer,  since  it  is  important  that  the  temperature 
^  the  hydmte  be  not  allowed  to  rise  more  than  twenty  degrees 
■'>"ve  its  fusing  point. 
_Wlien  the  decoinpodtion  takes  place,  the  liberated  potassium 
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rises  and  floats  on  the  surface  of  the  fused  hydrate  in  c.  It  is 
removed  by  a  finely-perforated  spoon,  which  retains  the  metal  and 
allows  the  melted  hydrate  to  run  through.  The  process  is  a  con- 
tinuous one,  as  more  of  the  hydrate  is  added  from  time  to  time 
to  replace  that  which  is  decomposed. 

Potassium  may  also  be  prepared  by  heating  to  whiteness  a 
mixture  of  potassium  hydrate  and  metallic  iron  : 

4KOH     +     3Fe     =      Fea04     -f      aK,     +     aH,. 

Potassium  Iron.  Ferroso-ferrlc      Potassium.     Hydrogen. 

Hydrate.  Oxide. 

The  older  method  for  the  preparation  of  the  metal  on  a  large 
scale  is  that  in  which  an  intimate  mixture  of  potassium  carbonate 
and  carbon  is  heated  to  whiteness.  This  mixture  is  best  prepared 
by  the  ignition  of  acid  potassium  tartrate  in  closed  crucibles,  when 
the  following  decomposition  occurs  : 


2KHC4H40e       : 

=     K,CO,     + 

5H,0 

+      4CO      +      3C 

Potassium 

Potassium 

Water. 

Carbon          Carbon. 

Bitartrate. 

Carbonate. 

Monoxide. 

The  residue  of  potassium  carbonate  and  carbon  is  mixed  with  a 
little  more  charcoal,  and  brought  to  a  strong  white  heat  in  a  fur- 
nace similar  to  that  shown  in  Fig.  61,  and  used  in  the  preparation 
of  sodium.     The  reaction  which  takes  place  is  as  follows  : 


K,CO, 

+ 

c. 

=        K, 

+ 

3CO. 

Potassium 

Carbon. 

Potassium. 

Carbon 

Carbonate. 

Monoxide. 

The  retort  consists  of  a  wrought- iron  mercury  flask  covered 
with  fire-clay  to  prevent  oxidation.  It  is  adapted  to  a  flat  receiver 
in  order  to  facilitate  rapid  cooling  and  prevent  the  formation  of  a 
black  compound  of  potassium  and  carbon  monoxide.  The  liquid 
potassium  as  it  condenses  is  allowed  to  run  into  petroleum,  in 
order  to  preserve  it  from  oxidation.  This  process  was  brought 
into  practical  operation  by  Brunner,  but  has  since  been  improved 
upon  by  others,  and  very  extensively  employed.  It  is  likely, 
however,  to  be  superseded  by  the  electrolytic  method.  The 
potassium  prepared  in  this  manner  is  still  in  need  of  purification 
by  redistillation,  as  it  is  liable  to  be  contaminated  with  carbon 
monoxide,  which,  unless  removed,  may  give  rise  to  the  black 
explosive  compound. 

A  method  was  devised  by  Castner,  previously  to  his  electrol)rtic 
one,  in  which  it  was  proposed  to  ftirnish  the  metal  at  an  expense 
not  exceeding  twenty-five  cents  a  pound.  This  consists  in  first 
obtaining  an  iron  carbide,   FeCj,  an  intimate  mixture  of  fine 
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iron  and  coke.     This  is  then  heated  with  potassium  hydrate  to 
at>out  800®,  when  the  following  reaction  takes  place  : 

6KOH     +     FeC,     =     aKaCOa     +     sHj     -f-     Fe    +    K,. 

Poussium  Iron  Potassium  Hydrogen.         Iron.      Potassium. 

1-iydrate.  Carbide.  Carbonate.  _^ 


potassium  carbonate  is  reconverted  into  hydrate  and  used 
m. 

I^ropcrties. — On  account  of  the  rapidity  with  which  potassium 
oombines  with  oxygen,  it  is  found  in  commerce  chiefly  in  the  form 
of  small  globular  pieces  of  the  size  of  cherries,  and  preserved 
under  petroleum  or  other  hydrocarbon,  to  protect  it  from  the 


P^otassium  is  of  a  waxy  consistence,  and  when  freshly  cut  ex- 
Hit>its  the  true  appearance  of  the  metal,  which  is  silver  white  in 
crolor  and  of  a  bright  metallic  lustre.  Next  to  lithium,  it  is  the 
lightest  metal  known,  having  a  specific  gravity  of  0.865.  On  the 
a.p»p>1ication  of  heat  it  melts  at  62.5^,  and  at  a  low  red  heat,  in  an 
2iC:niosphere  of  some  inert  gas  like  hydrogen  or  nitrogen,  it  vola- 
izes,  yielding  a  greenish  vapor. 

By  melting  some  of  the  metal  in  a  tube  surrounded  by  nitrogen 
i,  allowing  to  cool  until  a  portion  solidifies,  and  pouring  out  the 
lic^uid  portion,  that  remaining  in  the  tube  takes  the  form  of  tetrag- 
octohedra,  of  a  silver-white  color. 
Potassium  dissolves  in  liquid  ammonia,  forming  a  deep  blue 

tion,  and,  as  the  liquid  evaporates,  it  is  left  unchanged. 
I^otassium  has  a  strong  afiinity  for  oxygen,  and  its  vapor  bursts 
flame  on  coming  in  contact  with  air,  burning  with  a  character- 
violet  color.     If  air  be  absolutely  free  from  moisture,  it  will 
combine  with  the  metal  at  ordinary  temperatures.     When 
"own  on  water,  the  latter  is  immediately  decomposed,  the  metal 
»ining  with  the  oxygen  and  liberating  the  hydrogen,  which 
some  j)otassium  vapor  bursts  into  a  violet-colored  flame. 
I^otassium  combines  with  the  halogens  with  great  energy  ;  a 
^*TfXall  firagment  dropped  on  bromine  causes  a  violent  explosion. 
*^  has  the  power  to  displace  most  other  metals  from  their  com- 
^^Uiations,  and  has,  therefore,  been  used  for  preparing  magnesium 
'^'^d  aluminum. 

POTASSIUM  AND  HYDROGEN. 

i\iiassium  Hydride ^  K4H9. — When  potassium  is  heated  in  an  atmos- 
Pk^ore  of  hydrogen  to  300®  a  silver-white,  brittle  mass  results,  which  begins 
^tkcompose  at  410®,  or,  under  reduced  pressure,  dissociation  beg:ins  at 
'm^.    Potassium  hydride  inflames  spontaneously  on  contact  with  air. 
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POTASSIUM  AND  THE  HAIX>GEN8. 

The  halogen  compounds  c(  potassium  are : 

Potassium  fluoride,  KF. 
Potassium  diloride,  KCL 
Potassium  bromide,  KBr. 
Potassium  iodide,  KI. 

P^lassimm  Fhtoride^  KF,  is  prepared  by  neutralizing  aqueous  hjrdro* 
fluoric  acid,  in  a  pladnum  dish,  with  potassium  carbonate  or  hydrate. 
On  concentrating  the  sohition  the  salt  crystallizes  out  in  cubes.  When 
formed  at  ordinary'  temperatures  these  a^-stals  have  the  formula  KF.2H9O, 
but  at  or  above  35®  they  form  u-ithout  u-ater  of  crystallization. 

The  salt  is  deliquescent,  and  its  solution  attacks  glass.  Hydrofluoric 
add  has  the  property  of  forming  acid  salts ;  of  these,  the  one  with  potas- 
sium, KHF^  is  characteristic.  The  other  halogens  appear  not  to  have 
this  property  of  forming  acid  salts. 

Potassium  Chloride^  KCL — ^This  salt  was  first  used  in  medi* 
cine  by  Sylvius  de  le  Boe,  under  the  name  of  scU  febrifugum  or 
sal  digestivum.  It  occiu^  in  sea  Tvater,  in  many  mineral  springs, 
and  at  Stassfurt,  Germany.  As  camallite,  KCl  MgCl^-CH^O,  and 
sylvite,  KCl,  it  is  the  most  abundant  salt  in  that  locality. 

Preparation. — Since  potassium  chloride  occurs  so  abundandy 
in  nature,  it  is  rarely  prepared  on  the  small  scale.  It  can,  however, 
readily  be  made  by  neutralizing  hydrochloric  acid  with  potassium 
carbonate,  according  to  the  following  reaction  : 

KaCOa     +     2HCI     =     2KCI     -f     COj     +     HjO. 

Potassium        Hydrochloric      Potassium  Carbon  Water. 

Carbonate.  Acid.  Chloride.  Dioxide. 

On  the  large  scale  camallite  is  mixed  with  three-foiuths  its 
weight  of  water,  and  the  mixture  treated  for  some  time  with  live 
steam,  whereby  the  camallite  is  resolved  into  its  constituent  salts, 
magnesium  chloride  and  potassium  chloride.  The  hot  solution 
is  allowed  to  cool,  and  the  less  soluble  potassium  chloride  crystal- 
lizes. It  is  further  purified  by  washing  with  a  little  cold  water 
and  recrystallizing. 

Properties. — Potassium  chloride  occurs  in  permanent,  white, 
cubical  crystals  ;  soluble  in  3  parts  of  cold  water,  in  about  2 
parts  of  hot  water,  and  insoluble  in  alcohol.  Its  specific  gravity 
at  15°  is  1.945.  O^  ^^  application  of  strong  heat  the  salt  melts, 
and  at  a  red  heat  it  volatilizes. 

Uses. — Potassium  chloride  is  used  for  the  preparation  of  a 
number  of  other  potassium  salts,  notably  the  chlorate  and  car- 
bonate.    The  impure  salt  is  used  largely  as  a  fertilizer. 
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J^otassium  Bromide^  KBr.    Potassii  Bromidum,  U.  S.  P. — 

is  salt  is  prepared  by  one  of  two  methods  : 
(  i)  I  part  of  iron  wire  in  a  large  flask  is  covered  with  10  parts 
of"  >water  ;  2  parts  of  bromine  are  slowly  added,  in  small  portions 
time,  allowing  the  combination  with  the  iron  to  take  place 
each  addition.  This  part  of  the  operation  should  be  con- 
ducted in  a  well- ventilated  room,  in  order  that  the  operator  may 
^^void  inhaling  the  irritating  fumes  that  are  unavoidably  evolved. 
I  i:m     the  reaction  which  takes  place  ferrous  bromide  is  formed,  as 


Fe    -f     Br,    =    FeBrj. 

The  resulting  solution  is  of  a  green  color,  and  is  then  filtered 

the  excess  of  iron.     It  is  then  heated  in  an  open  dish  to 

the  boiling  point,  and  1.75  parts  of  potassium  carbonate  in 

parts  of  water  are  slowly  added  until,  after  heating  a  short 

c,  the  liquid  reacts  slightly  alkaline.     The  result  is  a  mixture 

potassium  bromide  and  ferrous  carbonate  : 

FeBfj    -h    KaCOfl    =    2KBr    -f    FeCOa. 

Ferrous  Potassium  Potassium  Ferrous 

Bromide.         Carbonate.  Bromide.        Carbonate. 

The  mixture  is  heated  for  some  time  in  order  to  convert  the 
bulky  precipitate  of  ferrous  carbonate  into  a  more  compact  fer- 
rous and  ferric  hydrate,  carbon  dioxide  escaping  at  the  same  time. 
TTlie  whole  is  then  filtered  and  the  precipitate  washed  free  of 
potassium  bromide  by  means  of  hot  water.    The  clear  filtrate,  con- 
^2dning  the  potassium  bromide,  is  evaporated  and  crystallized. 

(2)  To  a  convenient  quantity  of  potassium  hydrate  solution 
l^romine  is  added  in  small  portions  at  a  time,  until,  after  agitation, 
the  yellow-brown  color  of  the  bromine  remains  permanent,  indi- 
cating a  slight  excess  of  that  element.     The  following  reaction 
^spresses  what  has  taken  place  : 

6K0H    -t-    3Bra    =    sKBr    -f    KBrO,    -f    aHjO. 

Potassium         Bromine.        Potassium         Potassium  Water. 

Hydrate.  Bromide.  Bromate. 

The  solution  is  evaporated  nearly  to  dryness,  and  a  quantity 
^wood  charcoal  stirred  in  amounting  to  one-tenth  of  the  amount 
« bromine.    The  mixture  is  then  dried  and  heated  to  low  red- 
"^cssinan  iron  vessel,  when  the  reduction  of  the  potassium  bro 
®^e  is  accomplished  as  follows  : 

KBrOfl    +    3C    =    KBr    -f    3CO. 

•  The  cooled  mass  is  treated  with  water,  the  solution  filtered  and 
^^Porated  to  crystallization. 
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Properties. — When  perfectly  pure,  potassium  bromide  occurs 
in  colorless,  translucent,  cubical  crystals,  permanent  in  the  air, 
odorless,  with  a  sharp  saline  taste  and  a  neutral  reaction.  The 
commercial  salt  usually  occurs  in  white,  opaque  crystals  with  a 
slightly  alkaline  reaction.  The  salt  is  soluble  in  1.6  parts  of 
water  at  15^,  and  in  less  than  one  part  of  boiling  water.  It  is 
soluble  in  200  parts  of  cold  and  in  16  parts  of  boiling  alcohol ; 
also  soluble  in  4  parts  of  glycerin.  When  heated  the  salt  de- 
crepitates somewhat,  and  at  700°  it  fuses  without  decomposition. 
At  a  bright  red  heat  it  volatilizes,  imparting  to  the  flame  a  violet 
color. 

Potassium  bromide  is  identified  by  the  usual  potassium  tests 
and  by  adding  to  10  c.c.  in  a  test-tube  a  few  drops  of  chloro- 
form and  then,  a  little  at  a  time,  chlorine  water  until  the  solu- 
tion smells  distinctly  of  it ;  a  yellowish-brown  color  is  imparted 
to  the  chloroform  on  agitation.  If  a  violet  color  be  produced 
iodide  is  indicated.  An  admixture  of  potassium  bromate  is  in- 
dicated when  an  immediate  yellow  color  is  assumed  on  the 
addition  of  diluted  sulphuric  acid.  This  test  depends  on  the 
following  reaction  : 

SKBr   +    KBrOa   +   6U^SO^  =  6KHSO4  +  sHjO  +   sBr,. 

Potassmm  Iodide,  KI.  Potassii  lodidum,  U.  S.  P. — This 
salt  is  prepared  by  mixing  in  a  capacious  porcelain  dish  i  part  of 
iron  wire  with  8  parts  of  water,  and  adding  in  small  portions  at  a 
time  3  parts  of  iodine.     The  result  is  ferrous  iodide,  as  follows : 

Fe    -f    la    =    Felj. 

The  greenish  solution  is  filtered  from  the  undissolved  iron,  and 
treated  with  i  part  of  iodine,  forming  ferric  iodide  : 

2Fel9    +    19    =    Fcjl^. 

To  this  solution  are  added  2. 2  parts  of  pure  potassium  carbonate, 
previously  dissolved  in  10  parts  of  water.  The  following  reaction 
takes  place  : 

FeJe    +    3K2CO8    -f    3HaO    =    6KI    -f    sCO,    -f    Fe^COH).. 

Ferric  Potassium  Water.        Potassium        Carbon  Ferric 

Iodide.  Carbonate.  Iodide.  Dioxide.  Hydrate. 

If  necessary  a  small  additional  quantity  of  potassium  carbonate 
may  be  added  until  the  solution  is  faintly  alkaline.  The  whole 
mixture  is  then  boiled  for  a  few  minutes,  which  causes  the  pre- 
cipitate to  become  more  dense ;  it  is  then  filtered  and  washed. 
The  filtrate  and  washings  are  concentrated  to  a  small  bulk  and 
set  aside  for  the  potassium  iodide  to  crystallize  out. 
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Another  method  consists  in  adding  to  a  convenient  quantity  of 
ium  solution  sufficient  powdered  iodine  in  small  portions  at 
me  to  produce  a  permanent  yellowish  color.    Potassium  iodide 
iodate  are  formed  as  follows  : 

6KOH      +      3l»      =      5KI      +      KlOa      +      sH^O. 

Potassium  Iodine.  Potassium  Potassium  Water. 

Hydrate.  Iodide.  Iodate. 

TThe  solution  is  evaporated  to  a  syrupy  consistence,  and  a 
ntity  of  wood  charcoal,  equal  to  one-tenth  the  amount  of 
iodine  employed,  is  stirred  in.  The  mixture  is  then  dried  and 
l^e^aited  to  low  redness.  The  iodide  is  unchanged  by  this  treat- 
^rn.^nt,  while  the  iodate  is  converted  into  iodide  according  to  the 
following  reaction  : 

KIO3    -f    3C    =    KI    -f    3CO. 

The  residue,  after  cooling,  is  treated  with  water,  filtered,  and 
tl^e   filtrate,  after  concentration,  is  set  aside  to  crystallize. 

Finally,  potassium  iodide  is  prepared  from  the  *  *  mother  liquors" 
^^t>tained  in  the  preparation  of  sodium  nitrate  from  Chili  saltpetre, 
*^^<iine  being  recovered  as  cuprous  iodide,  Cuglg.  This  is  con- 
"^^rted  into  hydrogen  iodide  as  follows  : 

Cujla    -h    HjS    =    CujS    +    2HI. 

1*lie  hydrogen  iodide,  after  removal  of  cuprous  sulphide  by  filtra- 
^*c>n,  is  neutralized  with  potassium  carbonate. 

Properties. — Potassium  iodide  is  ordinarily  found  in  large, 
"^"Hite,  opaque  crystals,  having  been  crystallized  from  a  faindy 
^^^ka.line  solution.  When  the  crystals  are  formed  in  neutral  solu- 
^*<^ns,  ihey  are  colorless  and  nearly  transparent.  The  salt  has  a 
>nt  odor,  and  a  sharp,  saline  taste  with  a  faint,  bitterish  after- 
The  crystals  are  permanent  in  dry  air,  but  slightly  deli- 
ascent  in  moist  air. 

The  salt  is  soluble  in  0.75  part  water  at  15°,  and  in  0.5  part  of 
ing  water,  in  18  parts  alcohol,  and  in  6  parts  boiling  alcohol ; 
*^    iji  also  soluble  in  2.5  parts  of  glycerin. 

^^hen  heated  the  salt  decrepitates,  and  at  a  low  red  heat  it 

;  at  a  bright  red  heat  it  volatilizes  without  decomposition. 

aqueous  solution  should  have  a  scarcely  perceptible  alkaline 

ion  towards  litmus  paper.     The  salt  becomes  of  a  faint  yel- 

^^^'^vish  color  when  exposed  to  the  air,  on  account  of  the  liberation 

'^^  traces  of  iodine. 

The  usual  tests  for  potassium  ser\'e  to  identify  the  salt  as  con- 
fining that  base,  and  the  iodine  is  indicated  by  adding  a  few 
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drops  of  chloroform  to  the  aqueous  solution,  and  then  cfalohn  ^^ 
water  in  small  portions  at  a  time  until  the  solution  smells  of  itu 
when,  on  agitation,  a  violet  color  will  be  imparted  to  the  chloro 
form  ;  iodine  is  also  liberated  from  this  salt  by  fuming  nitric  acid — 
by  concentrated  sulphuric  acid,  and  by  chromic  acid.      Silvei 
nitrate  produces  a  yellow  precipitate  of  silver  iodide  when  added 
to  a  solution  of  potassium  iodide.     This  precipitate  is  insolubl 
in  nitric  acid  and  in  ammonium  hydrate. 

Uses. — Potassium  iodide  is  used  largely  in  medicine. 

Potassium  Tri-iodide,  Kla-— When  a  concentrated  solution  of  potassiui 
iodide  is  saturated  with  iodine,  a  dark-brown  liquid  is  formed,  which 
when  evaporated  at  ordinary  temperatures  over  sulphuric  add,  yieldr- 
nearly  black,  acicular  crystals,  possessing  a  metallic  lustre.    These  ct 
tals  are  very  deliquescent,  melt  at  45®,  and  at  100®  decompose  'mXm 
potassium  iodide  and  iodine.     The  solution  of  these  crystals  is  a  usefiz: 
reagent  for  alkaloids.     It  usually  gives  brown  precipitates,  soluble  i 
alcohol. 

POTASSIUM   AND  OXYGEN. 

There  are  two  well-defined  potassium  oxides : 

Potassium  monoxide,  KjO. 
Potassium  peroxide,  KOj. 

At  least  one  other  oxide,  having  the  formula  K4O,  is  s 
to  exist,  but  it  has  never  been  prepared  pure,  and  when  form 
readily  changes  to  the  monoxide. 

Pdtasstuvi  Oxtde,  KgO,  is  obtained,  together  with  some  peroxide,  tn^fc^^V 
heating  the  metal  in  dry  air.     When  this  mixture  is  strongly  heated  ^^ 

evolves  oxygen  and  the  monoxide  remains.     It  is  also  prepared  by  hea^^^^^^' 
ing  the  metal  with  px)tassium  hydrate  : 

2KOH     -\      Kj    =    2KaO    -f    H.. 

The  oxide,  when  pure,  is  a  white  powder  or  brittle  mass ;  it  fuses  a^ 
high  temperature  and  volatilizes  somewhat.     Its  affinity  for  water  is  : 
intense  that  when  moistened  with  that  liquid  it  becomes  red-hot.    Po 
sium  hydrate  is  the  result  of  this  combination  with  water. 

Potassium  Peroxide,  KOg,  is  obtained  when  the  metal  is  heated  w 
an  excess  of  oxygen.     It  is  a  yellow  mass  which  gives  up  oxygen  wh- 
heated  to  whiteness.     On  treatment  with  water,  it  dissolves,  with  the  fL,  ^^^^^' 
mation  of  potassium  hydrate,  hydrogen  peroxide,  and  oxygen. 

The  blue  compound  which  is  formed  when  potassium  is  burned  with 
insufficient  amount  of  air  is  the  suboxide,  K4O. 

Potassium  Hydrate,  KOH.      Potassa,  U.  S.  P.— This  co 
pound,  which  is  also  known  as  potassium  hydroxide  and  ca 
potash,  appears  to  have  been  first  observed  by  Geber  in  the  eigh- 
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century,  and  was  conadered  to  be  an  element  until  Davy  demon* 

stirated  its  compound  nature  in  1807. 

Preparatioa. — Potassium  hydrate  is  prepared  by  slaking  3 
p^LTts  of  caldum  oxide  with  a  small  quantity  of  water,  and  then 
rublnng  to  a  fine  powder  with  10  parts  of  water.  This  is  added 
in  small  portions  at  a  time  to  4  parts  of  potassium  carbonate, 
pineviously  dissolved  in  15  to  20  parts  of  water.  The  mixture 
is  then  heated  to  the  boiling  point  for  twenty  minutes,  the  heat 
z'emoved,  and  the  vessel  closely  covered  until  the  liquid  has 
settled  clear.  Water  must  be  added  from  time  to  time  during 
tile  heating,  for  if  the  solution  become  loo  concentrated  a  reverse 
t*esi.Ction  sets  in.  The  operation  is  known  to  be  complete  when 
a.  portion  of  the  clear  solution  gives  no  effervescence  on  super- 
sa.turating  with  an  acid.  The  reaction  which  takes  place  in  the 
&>z'iDation  of  the  hydrate  is  as  follows : 

K,CO,      +      Ca(OH),      =      jKOH      +      CaCO,. 

Pouuium  Calcium  Potauium  Calcium 

Carbonate.  Hydrate.  Hydrate.  Carbonate. 

The  dear  liquid  is  removed  from  the  sediment  by  a  siphon, 
a.ncl  evaporated  in  an  iron  dish  to  a  specific  gravity  of  1.16,  when 
it  begins  to  attack  the  iron,  and  fiirther  concentration  must  be 
conducted  in  a  stiver  vessel. 

"When  the  liquid  has  assumed  an  oily  consistence,  and  a  drop 
x^moved  on  a  glass  rod  solidifies  on  cooling,  it  is  poured  into 
^Ivcr  moulds.     The  moulds  are  illustrated  in  Fig.  60.     In  order 

Fig.  60. 


for  potaasium  hydrate. 


toobt^  a  product  free  from  aluminum  hydrate,  sulphates  and 
"wite,  1  part  of  the  potassium  hydrate  is  dissolved  in  3  to  4 
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parts  of  highly  rectified  alcohol,  the  clear  liquid  decanted  boa 
the  sediment,  bailed  down  in  a  silver  dish,  and  cast  in  tnoukkai 
before.  A  still  purer  potassium  hydrate  is  sometimes  prcfand 
by  dissolving  metallic  potassium  in  water. 

Properties, — Potassium  hydrate,  when  pure,  is  a  white,  ayv 
talline,  brittle  solid.  It  is  odorless,  and  has  a  sharp.  causDc 
taste,  and  an  ;dkaline  reaction.  It  is  soluble  in  0.5  part  of  water 
at  15°.  and  111  z  parts  of  alcohol ;  it  is  very  soluble  in  boilinj; 
water  and  in  boiling  alcohol.  When  heated  to  a  temperature  d 
530°,  it  melts  to  a  clear  oily  liquid,  and  at  a  bright  red  heat  it  is 
volatilized  unchanged.  It  absorbs  carbon  dioxide  and  wats 
from  the  air,  and  dissolves  in  the  latter  with  e\'o]ution  of  heat 
When  the  concentrated  aqueous  solution  is  cooled,  a  compound 
containing  two  molecules  of  water,  KOH.zHjO,  crystallizes  out 
in  tabular  or  octohedral  crystals.  The  solution  in  alcohol  rapid^ 
assumes  a  dark-yellow  to  brown  color,  and  in  the  presence  of  air 
there  are  formed  acetic  acid,  aldehyde,  and  aldehyde  resin. 

The  Liquor  PotassEC  of  the  Pharmacopceia  contains  about  5 
per  cent,  of  the  hydrate,  and  has  a  specific  gravity  of  about 
1.036.  The  official  process  directs  that  this  solution  be  made 
from  potassium  bicarbonate  and  lime,  since  the  bicarbonate  b 
found  purer  in  commerce  than  the  normal  carbonate. 

The  commercial  caustic  potash  usually  contains  from  75  1090 
per  cent,  of  absolute  potassium  hydrate,  and  10  to  25  percMl 
of  water. 

OXYGEN   SALTS   OF   POTASSIUM   AND  THE 
HALOGENS 

fitlassiuM  ffypoeklonU.  KCIO,  is  known  onty  in  solution.    It  is  the     I 
active  ingredient   in   "Eau   de  Javelle,"  which  is  prepared  by  pa^nc 
chlorine  into  cold  dilute  solution  of  potas-sium  carbonate  or  hydrate 
The  result  Is  a  solution  of  potassium  hypochlorite  and  chloride.   Thi^fc.  1 
solution  was  formerly  much  used  for  bleaching  purposes. 

Potassium  Chlorate,  KCIOa.     Potassii  Chloras.  U-  S.  P. 

This  salt  was  discovered  and  first  prepared  by  BerthoUet  in  lyS^^ 

Preparation.—The  simplest  method  of  preparing  potassiuir-* 
chlorate  on  a  small  scale  is  by  passing  chlorine  into  a  strong,  hci^ai 
solution  of  potassium  hydrate  : 

6K0H      -I-     3CI,     =     5KCI     +      KClOa     +     aHjO. 

Owing  to  the  formation  at  the  same  time  of  a  considerak^^ 
quantity  of  potassium  chloride,  this  is  rather  an  expensive  proces  ~~ 
and  on  a  commercial  scale  other  methods  have  been  introduc 
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The  commercial  production  of  potassium  chlorate  is  accom- 
{>Iislied  by  treating  milk  of  lime  with  an  excess  of  chlorine  in  a 
vessel  in  which  the  mixture  is  constantly  agitated.  The  result  is 
calcium  chlorate  and  chloride,  as  follows  : 

6Ca(OH)a      +      6C1,      =      sCaCl,      -f-      CaCClOa),      -f-      6HaO. 

CTalcium  Chlorine.  Calcium  Calcium  Water. 

Hydrate.  Chloride.  Chlorate. 

After  allowing  the  mixture  to  settle,  the  clear  liquid  is  drawn 
off  and  evaporated  with  potassium  chloride  to  a  specific  gravity 
of  1.28,  when  the  following  reaction  takes  place  between  the 
^cdum  chlorate  and  the  potassium  chloride  : 

CaCClOa),       +        2KCI       =       2KCIO8       +        CaCl,. 

The  potassium  chlorate,  being  rather  insoluble  in  water,  crj's- 
^^Hzes  out,  and,  after  separation,  it  is  purified  by  dissolving  in 
^^t  water  and  recrystallizing. 

Xt  has  been  proposed  to  use  magnesium  oxide  suspended  in 
^'^ter  instead  of  milk  of  lime,  on  account  of  the  resulting  magne- 
^'^111  chloride  having  less  solvent  action  on  the  potassium  chlorate 
^*^^n  is  possessed  by  the  calcium  chloride. 

-Another  commercial  process  consists  in  mixing  solutions  of 
sium  chloride  and  calcium  hypochlorite  (bleaching  powder). 
L€  whole  is  then  cooled,  when  potassium  chlorate  separates  out : 

aKCl      4-      3(Ca(OCl)a  +  CaClj)      =      2KCIO3      +      eCaCl,. 

Potassium  Calcium  Hypochlorite.  Potassium  Calcium 

CThloride.  Chlorate.  Chloride. 


— Potassium  chlorate  occurs  in  *  *  colorless,  lustrous, 
^^rionodinic  prisms  or  plates,  or  a  white  powder,  odorless,  and 
.ving  a  cooling,  saline  taste.     Permanent  in  the  air.    Soluble  in 
'-  7  parts  of  water  at  15°,  and  in  1.7  parts  of  boiling  water  ;  in- 
uble  in  absolute  alcohol,  and  but  slightly  soluble  in  mixtures 
alcohol  and  water." 
^VThen  heated  to  334°  the  salt  melts,  and  at  352^  it  commences 
decompose  into  oxygen,  potassium  chloride  and  perchlorate. 
about  400°  the  perchlorate  is  decomposed,  with  further  evolu- 
of  oxygen,  potassium  chloride  only  remaining.    This  residue 
'^^^ould  amount  to  60.8  per  cent,  of  the  original  weight,  should  be 
'^^^^rnpletely  soluble  in  water,  and  the  resulting  aqueous  solution 
ouldform  a  white,  crystalline  precipitate  with  a  saturated  solution 
sodium  bitartrate. 

XJses. — One  of  the  principal  uses  of  potassium  chlorate  is  in 

^^^  preparation  of  oxygen  on  a  small  scale.     It  is  also  largely 

^*«iployed  as  an  oxidizing  agent  in  calico-printing.    In  the  manu- 
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fecture  of  colored  fires  this  salt  plays  an  important  part.  It  lias 
considerable  use  in  medicine,  especially  in  diseases  of  the  ihroa. 
In  lai^e  doses  it  acts  as  an  irritant  poison. 

Potassium  chlorate  should  ne\'er  be  ground  or  rubbed  with  or- 
ganic substances  or  with  sulphur,  as  violent  explosions  are  almost 
sure  to  occur.  In  case  it  is  necessary  to  make  such  mixiures,  Hx 
ingredients  should  be  powdered  separately,  and  then  carrfuDy 
mixed  without  friction.  These  mixtures  should  not  be  preservd, 
as  spontaneous  decomposition  takes  place,  resulting  either  a 
combustion  or  explosion. 

Mixtures  of  potassium  chlorate  and  ammonium  chloride 
exploded  violently  after  standing  for  some  time. 

Colored  fires  are  made  by  taking  25  to  50  parts  of 
chlorate  and  25  parts  of  powdered  sugar  or  shellac  as  a  base ;  to 
this  mixture  are  added  25  f>arts  of  strontium  nitrate  for  red,  15 
parts  of  barium  nitrate  for  green,  10  parts  of  copper  nitrate  fof 
blue,  and  10  parts  of  sodium  nitrate  or  chloride  for  yellow.  Sot 
phur  may  be  used  in  place  of  sugar  or  shellac,  but  the  resultii^ 
powder  is  more  liable  to  decompose  with  combustion  or  explosion. 

Potassium  PerchloraU,  KCIO4,  is  prepared  by  heating  potash  urn  chb- 
rate  to  352°,  when  it  is  decomposed  into  perchlorate,  chloride,  andtH]^ 
gen  -,  the  oxygen  escapes,  and  the  two  salts  remain  behind  as  a  poi^ 

Thb  is  cooled,  powdered,  and  treated  with  cold  water,  which  removes 
the  potassium  chloride.  The  undissolved  readue  is  digested  with  warm 
hydrochloric  acid  to  decompose  chlorate  and  convert  it  into  chloride, 
which  is  then  washed  out  with  cold  water.  The  residue  conasts  of  rwarlf 
pure  perchlorate,  which  may  be  further  purified  by  recrystal ligation  fiwn 
hot  water. 

The  perchlorate  is  one  of  the  most  insoluble  of  potassium  salts,  r^ 
quiring  65  parts  of  cold  and  5.04  parts  of  boiling  water  to  dissolve  it  ll 
is  practically  insoluble  in  alcohol.  At  400°  it  is  decomposed  inlopolas- 
^um  chloride  and  oxygen. 

Potassima  BrotnaU,  KBrOg. — When  bromine  is  added  lo  potassium 
hydrate,  the  following  reaction  takes  place : 

6KOH    4-    3BrB    =    KBrO,    +    5KBr    +    3H,0. 
It  may  be  more  economical  to  pass  chlorine  into  a  hut  solutioa  o( 
potassium  bromide  and  hydrate,  as  follows : 

KBr    +    6KOH    +    sCI,    =    KBrOg    +    6KCI    +    3H,0. 

The  bromate  partly  crystallizes  out  on  cooling.  On  concentratix^a  I 
further,  more  of  the  bromate  cryslallii;es  out  mixed  with  some  chloridcj 
from  which,  however,  it  is  readily  purified  by  recr>'stallization  from    faa( 
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yVnother  convenient  method  of  preparation  is  to  decompose  barium 

brotnate  with  potassium  sulphate ;  the  mixture  is  heated  to  the  boiling 

Fit,  the  insoluble  barium  sulphate  is  removed  by  filtration  from  the 

tJtion  of  potassium  bromate,  and  tlie  latter  allowed  to  cool  and  crys- 

t.a.llize.    The  salt  occurs  in  six-sided  plates  or  prisms,  and  is  quite  insol- 

ub>l«j  in  cold  water. 

.y^tassium  lodate,  KlOa- — When  chlorine  is  passed  into  cold  water 
holding  iodine  in  susjvension,  until  the  latter  disappears,  iodine  mono- 
ohloride.  ICl,  is  formed;  to  this  is  added  the  molecular  proportion  of 
.sissium  chlorate  and  the  mixture  warmed,  when  chlorine  is  evolved 
d  potassium  iodate  separates  out  in  cubical  crystals : 

ICl    -i-     KCIO3    =    KIO3    +    Clj. 

The  salt  is  soluble  in  13  parts  of  cold  water,  and  decomposes,  when 

mgly  heated,  into  potassium  iodide  and  oxygen. 

y^tassium  Periodate^  KIO4,  is  prepared  by  passing  chlorine  into  a  mixt- 

of  potassium  iodate  and  hydrate.    The  salt  separates  out  in  small 

j^ombic  crystals,  and  requires  300  parts  of  cold  water  for  solution. 

Aveen  250**  and  300**  it  decomposes  into  potassium  iodate  and  oxygen, 

at  a  higher  temperature  it  parts  with  all  of  its  oxygen,  leaving  a 

lue  of  potassium  iodide. 
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otassium  monosulphide,  K^S.     Potassium  tetrasulphide,  KaS4. 
otassium  disulphide,  K^Sj.  Potassium  pcntasulphide,  KgSg. 

otassium  trisulphide,  K^Sg.         Potassium  hydrosulphide,  KSH. 

•f\>iassiufn  Monosulphide,  KjS,  is  prepared  by  heating  to  redness  in  a 
^l-covered  vessel  an  intimate  mixture  of  7  parts  of  potassium  sulphate 
cl  2  parts  of  finely-powdered  charcoal,  when  the  following  reaction 
place: 

KjS04    +    4C    =    KgS    -f    4CO. 

same  compound  is  obtained  when  one  volume  of  potassium 
solution  is  saturated  with  hydrogen  sulphide,  and  then  mixed 
an  equal  volume  of  the  same  strength  potassium  hydrate  solution : 


KOH 

+ 

HjS 

= 

KSH 

+ 

HgO. 

KSH 

+ 

KOH 

= 

KjS 

4- 

HaO. 

B. — ^When  potassium  monosulphide  is  treated  with  a  smalt 

ion  of  water,  it  dissolves  unchanged,  and  will  crystallize  from  its 

^^^lution  with  5  molecules  of  water.    When,  however,  it  is  treated  with 

^  larger  quantity  of  water,  it  decomposes  into  the  hydrosulphide  and 

**y<irate,  as  follows : 

K^    +    HaO    =    KSH    +    KOH. 

On  tiie  application  of  heat  it  melts  to  a  black  liquid,  which  cools  to  a 
^^^^sh,  crystalline  mass. 
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Polassiiim  Hydrosuiphidc,  KSH,  is  furmed  when  hydrogen  snIplMe 
is  passed  iiilo  a  solution  of  potassium  hydrate ;  by  evaporating  tiusseb- 
tion  in  a  vacuum,  crystals  arc  formed  containing  :^  molecules  of  water. 

The  remaining  potassium  sulphides  may  be  appropriately  termed  polj- 
sulphides,  and  may  be  formed  by  heating  the  nionosulphide  with  the 
molecular  proportion  of  sulphur,  obser\iiig  at  the  same  lime  the  prififf 
degree  of  heat, 

Potassa  Sulphurata,  U.  S.  P.,  is  a  mixture  of  polj-sulphides 
with  potassium  sulphate  and  thiosulphate.  It  is  prepared  by 
fusing  together  sulphur  and  potassium  carbonate. 

"When  freshly  prepared,  sutjihuriited  potassa  forms  irregnkr 
pieces  of  a  liver-brown  color,  which,   by  exposure  to  the 
gradually  absorb   moisture,    oxygen,    and    carbon   dioxide,  and 
change  to  a  greenish -yellow,  and  linally  to  a  gray  mass  containirf 
potassium  carbonate,  hyposulphite,  an'd  sulphate. 

"Soluble  in  i  parts  of  water  at  15°,  with  the  exception  oft 
small  residue.  Alcohol  dissolves  only  the  potassium  sulphide 
leaving  the  other  constituents  (.hyposulphite  and  sulphate)  IUK& 
solved." 

OXYGEN   SALTS  OF   POTASSIUM   AND  SULPHUR. 

Potasiium  Sulphite,  KjSOa.iHsO,— The  salt  of  this  formula  is  ibt 
normal  potassium  sulphite.  It  is  prepared  by  passing  sulphur  dioxi* 
into  a  solution  of  potassium  carbonate,  until  the  mixture  reai 

HgO    =    aKHSO-    +    C' 


KjCO, 


aSOo 


To  this  solution  potassium  carbonate  is  added  to  a  neutral  01 
alkaline  reaction.     The  slight  excess  of  sulphur  dioxide  forms  the  »d 
sulphite,  which,  on  the  addition  of  the  carbonate,  is  converted  intu  oe 
tral  or  normal  sulphite,  as  follows : 


aKHSOj    +    KgCOg    =    aKgSOg 


CO, 


H,0. 


The  solution  is  concentrated  without  mu>jh  heat,  and  monocKnicoc 
hedral  crystals  separate  out.  \ 

Potassium  sulphite  is  somewhat  deliquescent,  odorless,  andhasaWll^^ 
saline,  sulphurous  taste.  It  has  a  neutral  or  feebly  alkaline  reaction.  ^ 
is  more  soluble  in  cold  than  in  hot  water,  requiring  4  parts  of  water  ^ 
15"  and  5  parts  of  boiling  water  for  solution ,  alcohol  has  ver^-  sligfl 
solvent  action.  On  the  application  of  heal,  the  salt  loses  its  water  ^ 
crystallization,  amounting  to  tS.s  per  cent.  At  a  higher  temperalt"^ 
decomposition  takes  place,  with  the  formation  of  potassium  sulph^^ 
sulphite,  and  hydrale  ,  the  residue,  therefore,  has  an  alkaline  reaclJoC*-* 

Acid  Polassiiim  Sulpfiife,  KHSOg,  is  prepared  from  potassium  ■ 
bonale  and  sulphur  dioxide,  according  to  the  equatior 


^uation  given  un^^^S 
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normal  sulphite.  It  forms  in  monoclinic  prisms,  but  by  adding  alcohol  to 
the  concentrated  aqueous  solution,  it  may  be  obtained  in  acicular  cr\'stals. 
The  salt  is  very  soluble  in  water,  has  a  neutral  or  slightly  alkaline  reac- 
tion, and  emits  the  odor  of  sulphur  dioxide.  On  exposure  to  air  it  grad- 
ually changes  to  sulphate. 

/\>tassium  DisutphiU^  or  lyrosuiphiie,  KaS205,  is  formed  when  sul- 
phur dioxide  is  passed  into  a  hot  saturated  solution  of  potassium  carbon- 
ate until  efler\escence  ceases  and  the  liquid  assumes  a  greenish  tinge. 
On  cooling,  the  salt  separates  in  granular  cr>'stals.  It  is  difficultly  soluble 
in  water,  and  has  an  add,  disagreeable  taste. 

Potassium  Sulphate,  K^O^.     Potassii  Sulphas,  U.  S.  P.— 
This  salt  has  been  known  since  the  fourteenth  century.     It  occurs 
in  many  mineral  waters,  in  sea  water,  and  in  the  ashes  of  many 
plants.     The  chief  locality  of  its  occurrence  is  in  the  Stassfurt 
salt-beds.     Kainite  is  a  double  sulphate  of  potassium  and  mag- 
nesium with  magnesium  chloride,    K2S04MgS04MgCla.5HaO  ; 
schoenite  is  a  double  sulphate  of  potassium  and  magnesium, 
K^0,2MgSO4.6HjO. 

These  two  minerals  form  the  chief  sources  of  the  salt.     It  may 

*^  obtained  as  a  by-product  in  the  manufacture  of  nitric  acid 

^"1  potassium  nitrate  and  sulphuric  acid,  in  the  manufacture  of 

j^^3ssium  bichromate,  in  the  decomposition  of  potassium  tartrate 

.  y  caJcium  sulphate,  in  the  manufacture  of  sulphuric  acid,  and 

.  ^e  manufacture  of  potassium  carbonate  from  potassium  chlo- 

^^iTx  the  Leblanc  process. 

.  ''^paration. — In  the  preparation  of  the  salt  from  kainite,  the 
'"'ner:^  is  exposed  to  the  air  until  the  more  soluble  magnesium 
^oride  deliquesces  and  runs  off.  The  remaining  salt  is  dissolved 
m  boiling  water,  which  decomposes  it,  and,  on  cooling,  the  less 
solut>l^  potassium  sulphate  crystallizes  first. 

*^*^op^rtie8. — Potassium  sulphate  occurs  in  "hard,  colorless, 

tra^S{>arent,  six-sided,  rhombic  prisms  terminated  by  pyramids, 

or  a  H-hii^e  powder,  odorless,  and  having  a  somewhat  bitter,  saline 

^^^*        Permanent  in  the  air.      Soluble  in  about  9.5  parts  of 

^    ^t  15**,  and  in  4  parts  of  boiling  water  ;  insoluble  in  alco- 

\Vhen  heated,  the  crystals  decrepitate.     At  a  bright  red 

.  5^^  iMse,  and  at  a  white  heat  the  salt  suffers  partial  decom- 

P/^^c>ii.    The  aqueous  solution  is  neutral  to  litmus   paper.** 

^  ^p^ecific  gravity  of  the  crystals  is  2.648. 

» ox^saum  sulphate  has  some  uses  in  medicine,  and  it  is  exten- 

siveiy  employed  in  the  preparation  of  potash  alum  and  potassium 

^tbonate. 
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Acid  Potassium  Suiphate  (l^oX3S&\\xm  Bisulphate),  KHSO4. — ^This  salt 
is  found  native  in  the  Grotto  del  Sofo,  near  Naples,  in  the  form  of  long 
acicular  cr>'stals.  Its  usual  source  and  method  of  preparation  are  from 
the  residue  of  the  manufacture  of  nitric  acid  from  potassium  nitrate  when 
an  excess  of  sulphuric  acid  has  been  used. 

When  the  salt  is  separated  from  an  acid  solution,  it  is  obtained  in  the 
form  of  tabular  rhombic  cr>-stals,  which  are  easily  soluble  in  water. 
From  dilute  solutions  of  the  acid  sulphate  the  neutral  sulphate  cr>'stal- 
lizes ;  following  this,  as  the  solution  is  concentrated,  there  separates  a 
salt  having  the  composition  K2SO4KHSO4,  and  then  the  acid  salt  cr>-s- 
tallizes.  From  this  it  appears  that  in  dilute  solution  the  acid  salt  is  dis- 
sociated into  neutral  potassium  sulphate  and  sulphuric  acid.  This  is  also 
observed  when  the  acid  salt  is  mixed  with  alcohol :  a  decomposition  takes 
place,  the  neutral  sulphate  separates,  while  the  sulphuric  acid  passes  int 
solution  in  the  alcohol. 

Acid  potassium  sulphate  fuses  at  200**,  and  above  that  temperature  i 
converted  into  potassium  pyrosutphate,  K2S2O7.  This  salt  at  a  tempera 
ture  of  600**  decomjKjses  into  neutral  sulphate  and  sulphur  trioxide. 

Potassium  pyrosulphate  cr>'stallizes  in  long  needles,  and  when  brougl 
in  contact  with  water  evolves  much  heat  and  is  converted  into  the  aci 
sulphate. 

Acid  Potassium  Disulphate^  KHSa07,  is  formed  when  the  pyrosulpha 
is  dissolved  in  fuming  sulphuric  acid,  and  from  this  liquid  it  is  deposit 
in  transparent  prismatic  cr>'stals. 

Add  potassium  sulphate  is  useful  as  a  flux,  because  in  this  way  it  is 

possible  to  bring  sulphuric  acid  in  contact  with  many  bodies  at  a 
perature  considerably  above  its  boiling  point. 
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Potassium  Nitrate  (Saltpetre,  Nitre),  KNO3.  Potassii  Nitra 
U.  S.  P. — Saltpetre  was  known  in  the  eighth  century.     It  is  ver 
widely  distributed  in  nature,  mixed  more  or  less  with  other  sal 
chiefly  calcium  nitrate.     It  is  found  most  abundantly  in  the  wa 
climates  of  India,  Egypt,  Hungar>%  and  South  America.     F 
merly  most  of  the  salt  came  from  India.     It  is  made  there  by 
lecting  the  efflorescence  from  stables  and  other  places  wh 
nitrogenous  matter  is  undergoing  decomposition  with  free  a 
of  air.    This  efflorescence  is  obtained  from  large  heaps  of  manu 
on  which  urine  is  poured  daily.     As  the  surface  dries  and  sh 
the  presence  of  the  salt,  it  is  removed,  and  this  process  repea 
until  the  bed,  after  two  or  three  years,  become  exhausted. 
crude  liquors  are  treated  with  potassium  carbonate,  which 
cipitates  the  calcium,   and   the  clear  liquid  is  separated 
concentrated  to  crystallize. 

The  greatest  production  of  the  salt  now  is  from  Chili  saltp^ 


r 
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sodium  nitrate,  by  double  decomposition  with  potassium  chloride, 
follows  : 


NaNOa 

Sodium 
Nitrate. 


-f  KCl         = 

Potassium 
Chloride. 


KNOg 

Potassium 
Nitrate. 


+        NaCl. 


Sodium 
Chloride. 


The  hot  saturated  solutions  of  these  two  salts  are  mixed  and  con- 

^^^  titrated  until  the  solution  reaches  a  specific  gravity  of  1.5,  when 

^  ^>  ^  sodium  chloride,  being  no  more  soluble  in  hot  than  in  cold 

ter,  separates  out  and  is  removed.     The  liquid  is  then  drawn 

and  allowed  to  cool,  when  the  potassium  nitrate  crystallizes 

*  '^     fine  powder.     This  is  removed  and  washed  with  a  small  quan- 

^^^^'  of  cold  water,  which  removes  the  last  of  the  sodium  chloride. 

e  salt  is  then  purified  by  recrystallization. 

In  order  more  fully  to  explain  this  method  of  preparing  the 

t,  the  following  solubilities  are  given  : 

15°.  locP, 

100  parts  of  water  dissolve  KNO3    .    26     parts.  247     parts. 

100  parts  of  water  dissolve  NaNOg  .86.3      "  168.2      ** 

100  parts  of  water  dissolve  KCl  .    .    33.4      **  56.6     ** 

100  parts  of  water  dissolve  NaCl     .36        **  39.2      ** 

Properties, — Potassium  nitrate  occurs  in  **  colorless,  trans- 
parent, six-sided,  rhombic  prisms,  or  a  crystalline  powder,  odor- 
lesis,  and  having  a  cooling,  saline,  and  pungent  taste.     Permanent 
iri  the  air.     Soluble  in  3.8  parts  of  water  at  15°,  and  in  0.4  part 
or    boiling  water ;    very  sparingly  soluble  in   alcohol.      When 
Heated  to  353**,  the  salt  melts.     At  a  higher  temperature  it  is 
decomposed,  giving  off  oxygen  at  first,  and  then  some  of  its  ni- 
trogen, leaving  a  residue  of  potassium  nitrate,  nitrite,  and  oxide. 
Thrown  on  red-hot  coals,  the  salt  deflagrates.      The  aqueous 
solution  is  neutral  to  litmus  paper.** 

Uses. — Potassium  nitrate  is  used  in  medicine  and  as  a  pre- 
servative ;  in  the  latter  capacity  it  enters  into  the  composition  of 
most  of  the  meat  preservatives,  boric  acid,  borax,  and  sodium 
carbonate  being  the  other  compounds  usually  associated  with  it 
[  The  chief  use  of  potassium  nitrate  is  in  the  manufacture  of  gun- 

I  povrder.     The  average  composition  of  gunpowder  is  as  follows  : 

B  Potassium  nitrate      74.9  parts. 

I  Charcoal 13.3     " 

■  Sulphur 11.8     " 

H  100.00 

I 
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In  actual  practice  the  composition  varies  somewhat  from  die 
above,  since  charcoal  is  not  a  uniform  substance,  consequendy 
the  character  of  the  charcoal  used  in  each  case  must  be  takn 
Into  account.  The  amount  of  the  constituents  is  also  varied 
according  to  the  purposes  to  which  the  powder  is  to  be  applied. 

Potassium  NiiriU,  KNO,.— This  salt  is  usually  prepared  by  fusu^  In 
an  iron  vessel  i  part  of  potassium  nilrale,  to  which  are  then  added,  in 
small  portions  at  a  time,  i  parts  of  powdert^i  metallic  lead  i  the  lallci  s 
rapidly  oxidized,  as  follows : 

KNOg    +    Pb    =    KNOg     f     PbO. 

On  cooling,  the  mass  is  treated  with  water,  and  from  the  soluiion  of  flic 
potassium  nitrite  any  lead  is  removed  by  carbon  dioxide.  The  solutioi 
is  then  concentrated  to  a  small  bulk  and  the  undecomposed  nitrate  alluiitd 
to  crystallize  out.  The  clear  solution  of  now  nearly  pure  nitrite  is 
evaporated  to  dryness,  which  yields  the  salt  in  masses  of  small,  indisdiU 
crystals.  It  is  deliquescent  in  moist  air,  but  nearly  insoluble  in  alcoboL 
It  usually  comes  in  commerce  in  sticks  of  a  yellowish  color. 


OXYGEN  SALTS  OF  POTASSIU.M  AND  PHOSPHORUS. 

There  are  three  potassium  sails  of  orthophosphoric  acid. 

Tri/totassium  OrlhapkosphaU,  KSPO4,  is  prepared  by  heating  to  red- 
ness phosphoric  acid  and  potassium  carbonate  or  hydrate.  It  is  readily 
soluble  in  water,  and  separates  in  small,  colorless,  acicular  crystals. 

Dipolassiimt  OrthophosphaU,  KaH!'04.— This   salt  is  formed  w[ 
orthophosphoric  acid  is  neutralized  with  potassium  carbonate.    There 
suiting  compound  is  difficult  to  crystallize. 

Monopolassium  Orthophosphatc,  KHBPO4,  is  produced  when  the  above 
dipotassium  compound  is  healed  with  an  excess  of  orthophosphoric  acid. 
It  usually  separates  in  large,  colorless,  rhombic  crystals. 

There  are  two  potassium  sails  of  pyrophosphoric  acid,  according  aa. 
two  or  four  atoms  of  hydrogen  are  replaced  by  the  base. 

Polassium  Pyrophosphate.  K^PjOt.  is  obtained  by  neutralizing  p)Ti>— 
phosphoric  acid  with  potassium  hydrate,  or,  perhaps,  more  convenienlls*" 
by  heating  the  dipolassium  orthophosphatc  to  redness.  It  is  a  deliqu^s^ 
cent  salt  which  separates  from  solution  in  Rbrous  crystals,  containing 
three  molecules  of  water. 

Dipolassuim  Pyrophosphate,  KjHjPjO,.— This  is  the  add  salt,  and  «s 
prepared  by  dissolving  the  neutral  salt  in  acetic  acid  and  precipitating 
with  alcohol. 

fbtassium  MetaphosphaU,  KPOj.  is  prepared  by  healing  the  two* ■^ 
polassium  orthophosphatc  to  redness.  As  thus  obtained  it  is  in  iransM-* 
cent  masses,  nearly  insoluble  in  water,  but  readily  soluble  in  dilute  adt-^ 
Although  monobasic,  metaphosphoric  acid  possesses  the  property  ^ 
polymerization,  so  that  there  are  at  least  live  compounds  of  pota-iBi"-^ 
with  the  acid,  having  the  following  formulas;  KPOg,  metaphospha-*^ 
KiPgOg,  dimetaphospliate ;  KgPgOg,  trimetaphosphate,  t 


ipnate,  etc.  « 
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J^otassium  Hypophosphite,  KHgPOa.  Potassii  Hypophos- 
is,  U.  S.  P. — This  salt  is  prepared  by  decomposing  calcium 
pophosphite  with  potassium  carbonate,  as  follows  : 


Ca(HaPOa)a 

-f 

KgCOa      -- 

-        2KH2PO3 

+ 

CaCOg. 

Calcium 

Potassium 

Potassium 

Calcium 

Hypophosphite. 

Carbonate. 

Hypophosphite. 

Carbonate. 

The  details  of  the  process  are  to  add  5.75  parts  of  potassium 

fbonate,  in  8  parts  of  water,  to  6  parts  of  calcium  hypophos- 

ite,  in  64  parts  of  water ;  allow  to  stand  until  the  precipitate 

itles,  filter,  and  evaporate  the   filtrate    at  a  temperature    not 

ceeding  100^  until  granulation  is  effected.     By  failing  to  keep 

Xow  the  temperature  specified  an  explosion  is  liable  to  occur. 

e  product  is  purified  by  dissolving  in  alcohol,  evaporating  to  a 

^  rupy  consistence,  and  crystallizing. 

Potassium  hypophosphite  occurs  in  "  white,  opaque,  hexagonal 
^tes,  or  crystalline  masses,  or  a  granular  powder,  odorless,  and 
"^^A'ing  a  pungent,  saline  taste  ;  very  deliquescent.     Soluble,  at 
^  S^,  in  0.6  part  of  water,  and  in  7.3  parts  of  alcohol  ;    in  0.3 
of  boiling  water,  and  in  3.6  parts  of  boiling  alcohol ;  insol- 
e  in  ether.     When  heated  in  a  dry  test-tube,  the  salt  at  first 
5ies  moisture,  and  then  evolves  spontaneously  inflammable  hy- 
'^rogen  phosphide  gas,  which  bums  with  a  bright  yellow  flame." 
This  salt  should  not  be  rubbed  with  nitrates,  chlorates,  per- 
*^»^^nganates,  or  other  oxidizing  agents,  as,  under  these  circum- 
,  it  will  explode  violently. 

OXYGEN  SALTS  OF  POTASSIUM  AND  BORON. 

.J^tassium  Metaborate^  KBOg,  is  formed  when  molecular  weights  of 
nic  oxide  and  potassium  carbonate  are  fused  together.    The  product  is 
Soluble  in  water  and  crystallizes  with  difficulty. 

There  are  several  other  borates,  the  most  important  of  which  is  the 
'I  KjB407.5HaO.     It  is  prepared  by  adding  potassium  hydrate 
a  solution  of  boric  acid  until  an  alkaline  reaction  is  obtained.     This 
^^oxnpound  resembles  the  corresponding  sodium  salt,  which  will  be  treated 
fiiUy. 

OXYGEN  SALTS  OF  POTASSIUM  AND  SILICON. 

.^htassium  SUicatey  KgSiOs,  is  produced  when  amorphous  silica  or 

add  b  dissolved  in  potassium  hydrate.     It  is  also  formed  when 

is  fused  with  potassium  carbonate.     It  occurs  in  amorphous  vitreous 

which  readily  deliquesce  when  exposed  to  the  air  and  gradually 

e  converted  into  a  transparent  jelly,  which  then  shrinks  to  a  hard 


-^tassium  TetrasiHcaUy  K2Si409. — This  is  the  soluble  potash  glass. 
*^  is  prepared  by  fusing  together  45  parts  of  quartz  with  30  parts  of  potas- 
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sium  carbonate  and  3  paits  of  charcoal.  The  fused  mass  is  dissolved  u 
5  times  Its  weight  of  boiling  water  and  concentrated  to  the  dcsral 
siren  Eth. 

folassiutn  FlHOsilicale,  K^iF,,  b  prepared  by  precipitating  any  sail 
of  potassium  with  hydrolluosilicic  acid.  The  resulting  compound  b  quite 
insoluble  in  cold  water,  but  readily  dissolves  In  that  solvent  when  boL 

OXYGEN  SALTS  OF  POTASSIUM  AND  CARBON. 

Potassium  Carbonate,  K,CO,. — The  more  or  less  pure  car- 
bonates of  potassium  are  known  as  potash,  pearlash,  and  salli^ 
tartar,  according  to  their  degree  of  purity. 

Source. — The  chief  sources  of  potassium  carbonate  are :  (i) 
Wood-ashes.  (2)  beet-root  molasses,  (3)  sheep's  wool,  and  (4) 
potassium  chloride  and  sulphate. 

([)  Wood-ashes.  All  land  plants  contain  potassium  salts, 
and  these,  when  the  plants  are  burned,  are  almost  entirely  con- 
verted into  carbonate.  Russia,  America,  and  Hungary,  on 
account  of  their  plentiful  supply  of  timber,  Aimish  most  oJ"  ibe 
carbonate  from  this  source. 

The  following  are  some  of  the  percentages  of  potassium  yielded 
by  different  woods : 


Pine  .  . 
Poplar  . 
Beech  . 


,    0.045 


0.145 


Oak  ,  . 

Willow 
Elm  . 


In  America  much  lye  (a  solution  of  potassium  carbonate  and 
hydrate)  is  made  in  a  small  way  by  those  who  use  wood  for  fiid. 
The  apparatus  in  which  this  is  accomplished  consists  of  a  square 
wooden  hopper  or  percolator  of  two  or  three  hundred  pound*- 
capacitv,  in  the  bottom  of  which  is  placed  a  layer  of  stniw,  theim 
a  layer  of  quick-lime,  and  then  alternate  layers  of  ashes  ai 
quick-lime  to  the  top,  the  last  layer  being  a  thick  one  of  ashi 
Water  is  poured  on  in  small  quantities  at  a  time  for  a  week  or  so. 
and  the  resulting  solution,  which  is  collected  underneath,  consist^- 
ing  of  potassium  carbonate  and  hydrate,  is  used  for  the  manu&C=' 
ture  of  soft  soap. 

On  the  lai^e  scale  the  lixiviation  is  carried  out  the  same  as  thaM 
described  above,  except  that  the  use  of  lime  appears  to  be  cort 
fined  to  America.  Wood  is  usually  the  material  employed  fiai 
procuring  tlie  carbonate,  although  in  Eastern  Russia  grass,  it* 
green  portions  of  potatoes,  and  Other  vegetables  are  burned  Ca 
their  ash. 

For  commercial  purposes  the  solution  resulting  from  the  lixb 
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ation  of  the  ashes  is  evaporated  to  dryness  in  iron  pans,  and  the 

dark-brown  product  contains  from  6  to  12  per  cent,  of  water. 

The  color,  which  is  due  to  organic  matter,  is  removed  by  heating 

^^e  salt  to  about  800°  ;  the  mass  at  first  blackens,  but  slowly 

^^^^^comes  white,  when  the  heat  is  removed,  the  salt  cooled,  and 

F^iicrked  immediately  in  air-tight  casks. 

Russian  potash  is  said  to  contain  from  50  to  60  per  cent,  of 
:assium  carbonate  and  some  hydrate.  The  American  product 
Visually  purified  by  solution  in  water,  re-evaporated  and  ignited, 
^i«n  it  contains  from  75  to  90  per  cent,  of  absolute  carbonate  ; 
*^  is  then  known  as  pearlash.  Most  of  the  potash  in  the  market 
^^^^ritains  more  or  less  sulphate,  sometimes  as  much  as  18  per  cent. 
-^-^  firing  the  concentration  of  the  lye  liquor  the  sulphate  crystal- 
out.  Formerly  this  was  raked  out  and  used  in  the  manu- 
ture  of  alum. 
The  American  potash  is  chiefly  produced  in  Canada.  In  1892, 
•<!l.09, 200  pounds  passed  under  observation  of  the  government  at 
ontreal.  Birch  and  maple  are  the  chief  wood  there  consumed 
this  industry. 

(2)  When  the  molasses  from  beet-root  sugar  is  allowed  to  fer- 
and  is  then  distilled,  there  remains  a  residue  which  con- 
ns 30  to  35  per  cent,  of  potassium  carbonate,  18  to  20  per 
sodium  carbonate,  and  smaller  amounts  of  chlorides,  sul- 
F^hates,  and  insoluble  matter ;  this  residue  is  calcined,  dissolved 
*H  a  small  quantity  of  water,  and  the  clear  solution  again  evapo- 
^^tcd  and  calcined,  whereby  the  percentage  of  potassium  car- 
»nate  is    increased  to  an    amount  that  warrants  its  use  as 


(3)  Sheep's  wool  contains  a  relatively  large  amount  of  potas- 

combined  with  some  inorganic  acids,  but  chiefly  with  the 

ic,  oleic,  palmitic,  and  benzoic  acids. 

AAThen  the  wool  is  washed  these  compounds  go  into  solution, 

I,  on  evaporation  and  ignition,  the  residue  is  found  to  contain 

ml  30  per  cent,  of  potassium  carbonate.     The  processes  of 

solution,  evaporation,  and  ignition  are  repeated,  whereby  the 

percentage  of  potassium  carbonate  is  raised,  and  the  product 

becomes  purer. 

(4)  Potassium  chloride  and  sulphate,  occurring  native  as  min- 
erals at  Stassfurt,  Germany,  are,  perhaps,  the  greatest  sources  of 
-potas^um  carbonate  at  the  present  time.     By  a  process  similar  to 
Osat  of  Leblanc,  used  in  the  preparation  of  sodium  carbonate, 
tihcac  mmerals  are  converted  into  a  venLJMire  carbonate.     In 
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It  is  ver}'  deliquescent,  absorbing  moisture  readily  from  the  air ; 
soluble  in  i.i  j>arts  of  water  at  15°,  and  in  0.65  part  of  boiling 
»ater  :  insoluble  in  alcohol.  On  heating  to  130°,  the  salt  loses 
iie  adhering  moisture,  which  should  not  be  more  than  5  to  8  per 
rent. ,  and  at  a  red  heat  it  melts,  slowly  volatilizing  as  the  heat  is 
ncreased  to  whiteness.  The  solution  of  the  salt  reacts  strongly 
ilkaline  to  litmus,  and  effen-esces  with  acids. 

From  the  concentrated  aqueous  solution  cr}'stals  separate,  hav- 
ing the  formula  KaC03.3H20. 

Potassium  Bicarbonate,  KHCO3.  Potassii  Bicarbonas, 
U.S. P. — On  passing  carbon  dioxide  into  a  concentrated  solution 
of  the  normal  carbonate,  the  acid  carbonate  cr}*stallizes  out  ac- 
cording to  the  following  reaction  : 

KjCOa    -    COa    -f    HgO    =    2KHCO3. 

The  same  result  is  sometimes  accomplished  by  passing  the 
carbon  dioxide  over  the  moistened  pearlash.  The  product  by 
either  process  is  dissolved  in  water,  filtered  clear,  and  allowed  to 
cr\*stallize. 

Properties. — Potassium  bicarbonate  occurs  in  colorless,  trans- 
parent, monoclinic  prisms.     It  is  without  odor,  and  has  a  saline 
and  slighdy  alkaline  taste.     It  is  soluble  in  3.2  parts  of  water  at 
15*^,  and  in  1.9  parts  at  50°.    Above  that  temperature,  in  aqueous 
solution,  it  is  rapidly  decomposed  into  normal  carbonate  and 
carbon  dioxide.     It  is  insoluble  in  alcohol.    When  first  dissolved 
in  water  the  resulting  solution   has  a  neutral  reaction,  but  on 
standing  it  becomes  alkaline  owing  to  the  formation  of  the  nor- 
mal carbonate. 
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Potassium  Cyanide,  KCN. — This  salt  is  prepared  by  taking  an 
intimate  mixture  of  8  parts  potassium  ferrocyanide  and  3  parts 
potassium  carbonate,  and  projecting  in  small  portions  at  a  time 
into  a  red-hot  iron  crucible,  when  the  following  reaction  takes 
place: 

KiFe.CX^.    ^     KjCOa     =     5KCN    -f     KOCN     -f     COa    -f    Fe. 

P«^'***'""*  Potassium  Potassium  Potassium  Carbon  Iron. 

rmrKvanide.  Carbonate.  Cyanide.  Cyanate.  Dioxide. 

"hen  effer\'escence  has  ceased,  and  the  liquid  has  become 
^^r.  w.  is  poured  carefully  into  an  iron  dish  to  solidify. 

"^  French  process,  which,  it  is  claimed,  will  yield  a  purer 
Product,   consists  in  heating  the   potassium  ferrocyanide  alone 

exclusion  of  air  to  a  bright  red  heat : 


3i6 


Cyan 


Fee, 

Cacbide. 


A  portion  of  the  melted  mass  can  be  poured  off  dear,  and  the 
black  residue  can  be  extracted  with  alcohol. 

A  chemically  pure  potassium  cyanide  is  prepared  by  passii^ 
hydrocyanic  acid  gas  into  an  alcoholic  solution  of  potassium 
hydrate.     The  salt  separates  out  as  a  white,  crystalline  powdi 

Properties. — Potassium  cyanide  occurs  either  in  white,  ai 
phous,  opaque  pieces,  or  as  a  white,  granular  powder.  Ii  may 
be  obtained  in  regular  octohedrons  by  allowing  the  concentrated 
aqueous  solution  to  evaporate  over  sulphuric  acid  at  ordinal; 
temperatures.  When  perfectly  dry  it  is  odorless,  but  as  ordi- 
narily found  it  has  an  odor  of  hydrocyanic  acid,  owing  to  the 
presence  of  moisture.  Its  taste  is  sharp,  bitterish,  and  somewhat 
alkaline.  The  sail  is  soluble  in  2  parts  of  water  at  15",  and  in 
an  equal  weight  of  boiling  water  ;  at  the  latter  temperature,  how- 
ever, it  is  rapidly  decomposed.  It  is  sparingly  soluble  in  alcohol 
When  exposed  to  damp  air,  the  salt  readily  deliquesces.  TTie 
aqueous  solution  has  an  alkaline  reaction.  When  heated  to  low 
redness,  the  salt  fuses,  and,  on  cooling,  solidifies  in  cubes.  It  is 
decomposed  by  the  weakest  acids,  even  carbonic  acid  being  aUe 
to  displace  the  hydrocyanic  radical.  Violent  explosions  occur 
when  this  salt  is  mixed  with  nitric  acid  or  with  potassium  chlorate. 
Potassium  cyanide  is  official  under  the  name  of  Potassii  Cyani- 
dum.  Its  use  in  medicine  is  limited.  In  electro-metallurgy  aod 
in  photography  it  is  more  extensively  employed. 

f^tassium  Cyanati,  KCNO. — When  equal  parts  of  potassium  far^ 
cyanide  and  manganese  dioxide  are  intimately  mixed,  and  fused  av3k 
the  mass  begins  to  soften,  potassium  cyanate  is  formed.  After  all* 
the  mass  to  cool  it  is  extracted  with  80  per  cent,  alcohol,  and  this  solvent 
on  cooling,  deposits  the  sah  in  transparent  tabular  crystals.  It  is  readU 
soluble  in  water  and  in  alcohol.  The  salt  in  aqueous  solution  gradi 
decomposes  into  water  and  potassium  bicarbonate.  It  b  chiefly  us« 
the  preparation  of  organic  compounds. 

Po/assiuta   Thiocyanate,   or  SulphocyanaU,   KCNS.— This  salt 
pared  by  gently  heating  together  46  parts  of  potassium  ferrocyanidi 
parts  of  potassium  carbonate,  and  3a  parts  of  sulphur.    When  the  ' 
mass  is  cooled  it  is  extracted  with  hot  alcohol,  and  this  solvent  depo^ 
the  crystallized  salt,  on  cooling,  in  long  striated  transparent  prisms.        J 

Potassium  thiocyanate  is  very  soluble  in  water  and  in  alcohol.       ^ 
account  of  the  deep  red  color  it  produces  with 
delicate  test  for  them. 


tisi»« 
hefuT:^ 


ith  ferric  salts,  it  bec<»ae^ 
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SODIUM. 

Symbol,  Na.  Atomic  Weighi,  23.  Valence,  I, 

History.— As  stated  under  the  preceding  element,  the  salts 

sodium  and  potassium  were  not  distinguished  from  each  other 

^'^ta  1736.     Those  of  sodium  were  probably  the  first  known. 

Vrww,  which  later  came  to  be  a  name  for  saltpetre,  was  prob- 

y  in  earlier  times  applied  to  an  impure  sodium  carbonate,  since 

effervesced  on  the  application  of  vinegar.     Sodium  chloride, 

<zause  of  its  presence  in  sea  water,  was  known  in  the  earliest 

es. 
The  metal  sodium  was  discovered  by  Davy  in  1807,  in  the 
manner  as  potassium, — namely,  by  the  electrolysis  of  the 
*^>r<lrate. 

Occurrence. — Sodium,  like  the  other  alkali  metals,  is  not 

'^^vind  in  nature  in  the  free  state  ;  but  .in  combination  it  is  very 

"^^''iclely  distributed.     Sodium  chloride  is  found  as  rock-salt  in  the 

it  is  a  constituent  of  sea  water,  of  the  water  of  many  min- 

springs,  and  it  is  almost  universally  distributed  in  animal  and 

v-^gretable  organisms. 

Sodium  silicate  is  a  constituent  of  albite,  or  soda-feldspar,  and 
in.  smaller  quantity  in  many  other  minerals.     The  nitrate,  as  Chili 
is  found  in  the  warm  and  rainless  districts  of  Chili  and 
ru.      Cryolite,  found  in  large  deposits  in  Greenland,  is  the 
<iouble  fluoride  of  sodium  and  aluminum.     Sodium  carbonate  oc- 
ours  as  a  natural  deposit  in  the  warm  and  rainless  districts  of 
xnany  countries,  notably  in  Egypt,  India,  South  America,  and  in 
W'yoming  and  California ;  in  the  latter  places,  however,  it  is 
visually  associated  with  larger  quantities  of  sodium  sulphate  or 
lx>rate.     Smaller  quantities  of  the  sulphate  and  the  iodide  are 
found  in  sea  water. 

Preparation. — Sodium  is  produced  by  the  electrolytic  appa- 
ra.tns  of  Castner,  described  under  potassium,  Fig.  59.  It  is  aJso 
*n3.nufectured  on  a  large  scale  by  a  process  of  Castner,  in  which 
sodium  hydrate  and  iron  carbide  are  heated  together  to  800°, 
'^hcn  sodium  distils  according  to  the  following  reaction  : 

6NaOH    +    FeCa    =    aNa-COa    +    3Ha    +    Fe    +    Na,. 

Sodium  Iron  Soaium  Hydrogen.      Iron.         Sodium. 

Hydrate.  Carbide.  Carbonate. 

The  operation  is  most  successful  when  the  ingredients  are  very 
ttitiinately  mixed. 

The  older  method  of  Deville  is  still  used  considerably.     This 
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consists  in  healing  an  intimate  mixture  of  sodiun 
carbon,  when  the  following  reaction  occurs  : 


1  carbonate  and 


Na,COa    +    iC 


Na, 


3CO. 


The  apparatus  by  which  this  is  accomplished  is  shown  in  Fig. 
61.  A  charge  for  this  apparatus  consists  of  30  kilogrammes  of 
soda-ash,  ground  with  13  kilogrammes  of  small  coal  and  3  kilo- 
grammes of  chalk.     This  is  placed  in  the  cylinder  A,  which  is 


Fig.  6, 


1.2  meters  long  and  0.14  meter  in  diameter,  and  the  whole  i 
brought  to  a  white  heat.  There  is  not  the  same  danger  from  e* 
plosion  that  there  is  in  the  preparation  of  metallic  potassiun~ 
Much  sodium  is  lost  during  the  operation,  the  yield  being  abou 
one-third  of  the  theoretical  amount  present. 

It  has  also  been  proposed  to  prepare  sodium  by  electroly&- 
directly  from  the  chloride,  since  both  the  metal  and  the  chlorir' 
are  valuable  ;  many  suggestions  have  been  made  and  a  numb' 
of  patents  granted,  but  as  yet  the  process  does  not  appear  to  faa« 
become  a  success. 
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Properties. — Sodium  is  a  silver-white  metal,  of  a  waxy  con- 
si  <irence  at  ordinary  temperatures,  but  in  the  cold  it  becomes  brit- 
tl^^  and  crystalline.     It  has  a  specific  gravity  of  0.9735  at  13.5^. 

On  the  applicition  of  heat  sodium  melts  at  95.6°,  and  at  742*^ 

^  ^       boils  ;  under  these  conditions  it  is  necessary  to  exclude  air. 

■*^l:ie  metal  is  so  easily  oxidized  at  ordinary  temperatures  that  it  is 

'^<^cressary  to  preserve  it  under  petroleum.     If  it  is  melted  in  the 

XTiosphere  of  an  inert  gas  like  nitrogen,  and  when  it  begins  to 

idify  the  liquid  portion  is  poured  out,  the  remainder  takes  the 

**^x-in  of  octohedral  cr>'stals. 

The  behavior  of  sodium  towards  most  other  elements  is  similar 
^^^    that  of  potassium,  but  less  energetic  ;  for  instance,  potassium 
*^  i"i  d  bromine  combine  with  explosive  violence,  while  sodium  may 
"^  wanned  with  it  without  violent  action. 

When  thrown  on  water,  sodium  combines  with  the  oxygen  of 
"^He  water,  liberating  hydrogen,  but  the  action  is  not  sufficiently 
^^Oergetic  to  inflame  the  latter,  unless  the  metal  be  held  in  one 
l^osition  by  a  piece  of  filter  paper,  or  the  water  be  warmed  to  60®, 
'^'hen  the  gas  ignites  and  burns  with  a  yellow  flame.  This  yellow 
^olor  is  characteristic  of  sodium  compounds. 

Uses. — Sodium  is  used  in  the  preparation  of  a  number  of 
other  metals,  notably,  silicon,  boron,  magnesium,  and  aluminum. 
It  is  also  a  valuable  reducing  agent  in  the  laboratory'.  In  some 
Cases  where  its  activity  does  not  admit  of  its  being  used  alone,  as 
in  aqueous  solutions,  it  is  first  amalgamated  with  mercury. 

SODIUM   AND   HYDROGEN. 

S&dimfm  Hydride^  Na4H2. — When  dry  hydrogen  is  passed  over  sodium 
at  a  temperature  of  300®  to  400®  the  metal  absorbs  237  times  its  volume 
of"  the  gas.  The  product  has  a  silver-white  color,  and  a  metallic  lustre. 
Its  specific  gravity  is  0.959. 

SODIUM   AND   HALOGENS. 

The  halogen  compounds  of  sodium  are  : 

Sodium  fluoride,  NaF. 
Sodium  chloride,  NaCl. 
Sodium  bromide,  NaBr. 
Sodium  iodide,  Nal. 

Sodmrn  Fluoride^  NaF,  is  prepared  by  neutralizing  hydrofluoric  acid 
with  sodium  carbonate.  The  compound  crystallizes  in  anhydrous  cubes. 
It  is  soluble  in  25  parts  of  cold  water,  and  scarcely  more  so  in  hot  water. 
It  has  a  tendency  to  form  double  compounds  with  other  salts,  as  instanced 
m  cryolite,  the  double  fluoride  of  sodium  and  aUiminiim,  AlaFe6NaF. 
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Sodiufn  Chloride,  NaCl.  Sodii  Chloridum,  U.  S.  P.— So- 
dium chloride,  or  common  salt,  is  found  abundantly  throughout 
the  globe.  As  rock-salt  it  occurs  in  large  deposits,  alternating 
with  strata  of  clay  and  gypsum,  at  an  average  depth  of  loo  meters. 
Probably  the  most  celebrated  mines  are  at  Wieliczka,  in  Galicia, 
the  deposit  there  being  500  miles  long,  20  miles  broad,  and  1200 
feet  thick.  Enormous  quantities  are  also  found  in  England,  at 
Stassfurt,  Germany,  and  in  America. 

Numerous  salt  springs  also  occur  in  many  parts  of  the  world, 
in  which  common  salt  is  the  chief  constituent.  These  springs  are 
especially  abundant  in  West  Virginia,  Michigan,  and  New  York, 
each  containing  a  large  number  of  these  springs. 

Sea  water  contains  3  to  4  per  cent,  of  solid  residue,  three- 
fourths  to  nine-tenths  of  which  is  sodium  chloride,  or  2.4  to  2.8 
per  cent,  of  the  sea  water.  There  is  relatively  more  salt  in  that 
part  of  the  ocean  situated  near  or  crossed  by  the  equator.  Many 
inland  seas  contain  a  greater  proportion  of  salt  than  exists  in  the 
ocean.  For  instance,  the  water  of  the  Great  Salt  Lake  in  Utah 
contains  over  22  per  cent,  of  saline  matter,  about  90  per  cent  of 
which  is  sodium  chloride. 

Extraction. — When  sufficiently  pure,  rock-salt  is  mined  and 
sent  at  once  into  commerce  without  further  purification.  If  it  is 
more  inaccessible,  or  mixed  with  earthy  matter,  holes  are  drilled 
into  the  deposits,  water  is  run  in,  and  the  saturated  solution  is 
either  forced  out  by  the  water  which  enters,  or  it  is  pump)ed  out 
The  salt  is  recovered  by  evaporating  the  solution  in  iron  or  lead 
boilers.  Weaker  salt  solutions  are  first  evaporated  by  the  sun's 
rays.  This  is  accomplished  either  in  large  shallow  dikes  lined 
with  clay,  as  carried  out  with  sea  water  in  the  south  of  France, 
or  by  allowing  the  solution  to  trickle  down  over  a  large  pile  of 
brushwood,  as  shown  in  Fig.  62.  When  the  liquid  has  reached 
a  concentration  representing  15  to  20  per  cent,  of  salt,  it  is  run 
into  open  boilers  and  the  evaporation  completed. 

The  salt  thus  produced  is  quite  impure  and  requires  further 
treatment.  In  some  cases  it  is  spread  on  washed  sand,  and  the 
more  deliquescent  salts  liquefy  and  are  absorbed  ;  in  other  cases 
the  crude  salt  is  placed  in  baskets  over  the  boilers  in  which  the 
brine  is  concentrating,  the  steam  rising  dissolves  the  more  soluble 
salts.  Finally,  crude  salt  may  be  purified  by  washing  it  with  a 
saturated  solution  of  pure  salt. 

When  a  purer  compound  is  desired  for  chemical  purposes,  the 
purest  commercial  salt  is  carefully  treated  with  barium  chloride 
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solution  so  long  as  a  precipitate  is  produced,  by  which  the  sodium 
sulphate  Is  decomposed,  barium  sulphate  and  sodium  chloride  re- 
sulting ;  the  barium  sulphate  is  filtered  out,  and  the  warm  filtrate 
is  treated  with  a  slight  excess  of  sodium  carbonate,  this  precipi- 
tates aluminum,  barium,   calcium,  iron,  and  magnesium  com- 

Fig- 63. 


pounds  ;  after  filtering  clear,  the  solution  is  carefully  neutralized 
•""th  hydrochloric   acid,   and  evaporated    to    the  crystallizing 

The  output  of  salt  in  the  United  States  in  189a  amounted  to 
*  '  '585,754  barrels  (280  pounds  being  reckoned  to  the  barrel) ; 
f*"  this  Michigan  supplied  3.812.054  barrets,  Ni'w  York  4.400,000 
"»TTd^  other  States  3,373,700  barrels. 
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Properties. — Sodium  chloride  ordinarily  ncurs  in  tran^nM 
cubical  crystals,  or  as  a  white,  crystalline  powder.  It  is  pcnnanem 
in  the  air,  odorless,  and  has  a  pure  saline  taste.  Water  disstJvo 
2.S  parts  at  15°,  and  2.5  parts  at  the  boiling  point ;  it  is  almca 
insoluble  in  alcohol.  The  solution  in  water  has  a  neutral  reaction. 
When  heated  the  salt  decrepitates  ;  at  a  red  heal  (about  772°)  il 
fuses,  and  at  a  white  heat  it  is  slowly  volatilized  with  some  decom- 
position. 

Uses. — Sodium  chloride  is  used  as  a  condiment,  in  medidne, 
and  as  a  source  for  the  preparation  of  other  sodium  salts,  the 
conspicuous  of  which  are  sodium  sulphate  and  carbonate. 

Sodium  Bromide,  NaBr.  Sodii  Bromidum,  U.  S.  P.— Tht 
preparation  of  this  salt  is  carried  out  similarly  to  the  potassium 
salt,  either  by  double  decomposition  between  ferrous  bromide 
and  sodium  carbonate,  or  by  the  formation  of  sodium  bromide 
and  bromale  by  the  combination  of  bromine  and  sodium  hy- 
drate. The  bromate  is  converted  into  bromide  by  fusion  w^ 
charcoal. 

Properties.— Sodium  bromide  occurs  in  colorless  or  white 
cubical  crystals  ;  without  odor,  and  with  a  saline,  slightly  bitter 
taste.  The  salt  slowly  attracts  moisture  from  the  air  without 
deliquescing  ;  this  is  probably  due  to  the  fact  that  at  ordinate 
temperatures  it  crystallizes  with  two  molecules  of  water,  but  as 
found  in  commerce  it  is  free  from  water  of  crystallization,  the 
latter  condition  having  been  attained  by  crystallizing  from  a  warm 
solution,  or  above  30°. 

Sodium  bromide  is  soluble  in  1.2  parts  of  water  at  15°,  and  in 
0.5  part  of  boiling  water  ;  in  13  parts  of  alcohol  at  15",  and  in  ir 
parts  of  boiling  alcohol.  When  heated  the  salt  melts  at  7ia°, 
and  at  higher  temperatures  it  is  slowly  volatilized  with  sonit 
decomposition. 

Uses. — The  principal  use  of  sodium  bromide  is  in  medidne. 

Sodium  Iodide,  Nal.  Sodii  lodidum.  U.  S.  P.— This  sail  is 
prepared  almost  exactly  as  the  corresponding  potassium  salt. 

Properties, — Sodium  iodide  occurs  in  colorless  cubical  crys- 
tals, or  as  a  white,  crystalline  powder  ;  it  is  odorless,  and  has  a.  | 
saline,  slightly  bitter  taste.     It  is  deliquescent  in  moist  air,  an dj 
when  exposed  decomposes  into  sodium  carbonate  and  free  iodinej 
thereby  becoming  reddish-brown  in  color. 

The  salt  is  soluble  in  0.6  part  of  water  at  15°,  and  in  0.33  ps»^ 
of  boiling  water  ;  in  3  parts  of  alcohol,  and  in  1.4  part  of  boilir«| 
alcohol.     When  it  crystiillizcs  from  water  at  ordinarj'  iempe»^ 
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it  contains  two  niolecules  of  water  of  crystallization,  but 
a^bove  40°  it  separates  anhydrous.  When  heated  it  melts,  and  at 
a  higher  temperature  it  volatilizes  with  some  decomposition.  Its 
^cjiieous  solution  is  neutral  to  litmus  paper. 

Uses. — Sodium  iodide  has  some  use  in  medicine,  as  it  is  con- 
•id^red  preferable  to  the  potassium  salt  where  its  use  is  to  be  con- 
for  some  time. 


SODIUM   AND   OXYGEN. 

Sodium  combines  with  oxygen  in  two  proportions,  resulting  in 
following  well-defined  compounds : 

Sodium  monoxide,  Na^O. 
Sodium  peroxide,  Na^Og. 

•Sodium  Monoxide  is  formed  with  some  peroxide  when  sodium 
l>umed  in  air.    On  heating  to  a  high  temperature  the  peroxide 
half  of  its  oxygen,  and  the  monoxide  remains.    It  may  also 
obtained  by  heating  together  sodium  hydrate  and  sodium  : 

NaOH    4-    Na    =    NajO    -f    H. 

It  is  a  gray  mass  with  a  conchoidal  fracture.  When  brought  in 
^>^ntact  with  water,  violent  action  occurs  with  the  formation  of 
Sodium  hydrate. 

Sodium  Peroxide y  Na^Oj. — This  compound  is  formed  when 
sodium  is  heated  in  oxygen  gas,  until  the  weight  becomes  con- 
stant.    It  is  also  produced  by  the  ignition  of  sodium  nitrate. 

Properties. — As  found  in  commerce,  sodium  peroxide  is  a 
yellowish-white  powder.  It  is  very  deliquescent.  When  thrown 
into  water,  considerable  heat  is  evolved,  and  sodium  hydrate  and 
oxygen  are  formed,  as  follows  : 

Na^Oa    -t-    HaO    =    2NaOH    -f    O. 

When,  however,  a  dilute  acid  is  present,   hydrogen  dioxide 

results: 

Na^Oa    +    2HCI    =    aNaCl    +    HaOa. 

This  compound  has  within  the  past  few  years  become  an  article 
^  commerce  for  bleaching  and  oxidizing  purposes. 

^  contains  about  20  per  cent,  of  available  oxygen. 

Sodium  Hydrate^  Soda,  U.  S.  P.  (Sodium  Hydroxide,  Caustic 
^^)i  NaOH. — ^The  simplest  method  or  forming  the  hydrate  of 
^um  is  by  throwing  the  metal  on  water  : 

Na.    +    2HaO    =    aNaOH    +    H,. 
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This  method  requires  considerable  care,    as  the  (used  meld 
liable  lo  be  thrown  about.     It  is  employed  when  a  veiy  pon 
product  is  desired. 

A  cheaper  and  more  usual  method  consists  in  di^olving  3 
parts  of  sodium  carbonate  crystals  in  15  parts  of  water,  heating' 
the  boiling  point,  and  adding  in  small  portions  at  a  time  milk  of 
lime,  obtained  by  slaking  i  part  of  quick-lime,  calcium  oxide, 
with  3  parts  of  water  ;  this  mixture  is  boiled  for  some  time,  wain- 
is  added  to  replace  that  which  is  evaporated,  until  a  portion  of 
the  dear  liquid  fails  to  g^ive  effervescence  on  the  addition  of  dilute 
acid  : 

NaaCOa    +    Ca(OH)j    =    iNaCtH    +    CaCO^ 

Sudiutn  Cilcium  Sodlutn  Cmlcium 

Cirbonate.  H  yd  rule.  Hydralc.  Caibonale. 

The  clear  liquid  is  decanted  from  the  precipitate  and  evap- 
orated in  an  iron  dish  Co  a  specific  gravity  of  1.170,  when  the 
concentration  is  completed  in  a  silver  dish  and  the  fused  pr 
poured  into  silver  moulds,  similar  to  those  used  for  potas&iuin 
hydrate.  (See  Fig.  60.)  On  the  commercial  scale  sodium  hy- 
drate is  produced  by  a  modification  of  the  Leblanc  process  for 
preparing  sodium  carbonate  by  the  addition  of  more  coal  in  the 
black -ash  fusion  ;  the  reaction  being  as  follows  : 
■CaCOa  -f  C  =  CaO  -f  2CO. 
NagCOs    +    CaO    +    H,0    =    aNaOH    +    CaCO,. 

Sodium  hydrate  is  also  obtained  as  one  of  the  products  in  tl-»< 
electrolysis  of  common  salt  on  a  large  scale. 

That  which  is  prepared  in  large  quantities  comes  in  coramer<3( 
in  iron  drums  ;  54.331,533  pounds  were  imported  in  1893.  ' 

Propcrtics.^The  sodium  hydrate  which  is  used  for  phanrt* 
ceutical  and  medicinal  purposes  occurs  in  dry,  while,  iransluce-n 
pencils,  showing  a  crystalline  structure,  free  from  odor,  and  ha* 
ing  an  acrid  and  caustic  taste.  When  exposed  to  moist  air  \ 
rapidly  deliquesces  ;  in  dry  air  it  first  becomes  coated  with  a  cli? 
film  of  carbonate.  It  is  soluble  in  1.7  parts  ot  water  at  15°,  ai" 
in  0.8  part  of  boiling  water  ;  very  soluble  in  alcohol.  ] 

On  the  application  of  heat  sodium  hydrate  melts  at  525°  to; 
clear  oily  liquid,  and  at  a  bright  red  heat  it  is  slowly  volatiluK* 
unchanged.     The    solution,   even  when    very  dilute,   gives 
strongly  alkaline  reaction  with  litmus  paper. 

When  sodium  hydrate  is  free  from  water  it  has  a  specific  gra^"^ 
of  2. 13.  The  very  concentrated  aqueous  solution,  when  coc»l< 
too",  deposits  crystals  of  the  formula  NaOH.3j^H,0.   Water' 
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alwa.ys  present  in  the  commercial  article;  that  coming  in  sticks 
contains  at  least  10  per  cent,  of  moisture.  Alcohol  is  used  to 
free  the  commercial  compound  from  impurities,  since  the  latter 
are  of  a  character  to  be  insoluble  in  this  solvent.  The  commer- 
cial preparation,  which  has  been  purified  by  this  means,  is  known 
as  *  *  soda  by  alcohol.'* 

X^iquor  Sodse,  U.  S.  P.,  is  made  from  sodium  carbonate  and 
lime  according  to  one  of  the  preceding  processes,  or  else  by  dis- 
solving 56  grammes  of  sodium  hydrate  (containing  90  per  cent. 
of  absolute  NaOH)  in  sufficient  water  to  make  i  liter.  The 
resulting  solution  has  a  specific  gravity  of  1.059  ^^  15°»  ^^^  con- 
tains about  5  per  cent,  of  NaOH. 

Uses. — Sodium  hydrate  is  used  externally  as  a  caustic,  and  it 
^  extensively  employed  as  a  chemical  reagent.  The  most  im- 
portant technical  use  of  the  commercial  product  is  in  the  prepara- 
tion of  soap. 

OXYGEN   SALTS  OF  SODIUM  AND   HALOGENS. 

Sodium  Hypochlorite^  NaOCl. — This  compound  only  occurs 
in  solution.  Officially  it  is  known  as  Liquor  Sodse  Chloratse, 
or  Labarraque*s  Solution.  •  This  solution  is  made  by  mixing 
solutions  of  sodium  carbonate  and  chlorinated  lime  ;  the  reaction 
IS  as  follows : 

Ca(C10)a -f- CaCla  +   aNaaCOg   =    aNaClO  +  2NaCl    -f    2CaC03. 

ChlorinatCKl  Lime.  Sodium  Labarraque's  Solution.  Calcium 

Carbonate.  Carbonate. 

The  clear  supernatant  liquid,  after  decantation,  should  contain 
2-6  per  cent,  of  available  chlorine.  This  solution  has  a  specific 
gravity  of  about  1.059  ^^  I5°>  ^"^  contains,  in  addition  to  the 
hypochlorite,  sodium  chloride  and  carbonate. 

Sodium  Chlorate,  NaClOg.  Sodii  Chloras,  U.  S.  P.--Sodium 
chlorate  may  be  prepared  in  the  same  manner  as  the  correspond- 
^g  potassium  salt.  On  account  of  its  greater  solubility,  how- 
ever, its  separation  by  crystallization  is  not  so  readily  accom- 
plished. It  has  been  recommended,  therefore,  to  prepare  it  for 
''medicinal  use  by  double  decomposition  between  sodium  bitartrate 
and  potassium  chlorate,  the  following  reaction  occurring  : 

NaHC4H40«    -f    KClOa    =    NaClOs    +    KHC4H40e. 

For  this  purpose  a  concentrated  solution  of  19. 5  parts  of  tartaric 
^d  are  added  to  18.3  parts  of  crystallized  sodium  carbonate,  pre- 
^'^^ly  dissolved  in  an  equal  quantity  of  hot  water.    The  resulting 


CHEHISTRY  OP  THE  METALS. 

solution,  while  hot,  is  mixed  with  a  hot  solution  of  16  partscf  pfr 
tassium  chlorate  in  50  to  60  parts  of  water.  The  whole  is  allomd 
to  stand  24  hours  for  the  potassium  bitartrate  to  crj'stallizi 
After  filtering  from  the  latter,  the  filtrate  is  evaporated  carefuDj 
to  dryness,  dissolved  in  the  smallest  possible  amount  of  vuts. 
filtered,  and  allowed  to  crystallize.  As  thus  prepared,  a  pure 
product  may,  no  doubt,  be  obtained,  but,  as  a  matter  of  &tl, 
is  liable  to  be  contaminated  with  tartaric  acid.  A  process  wbidi 
yields  a  purer  product  consists  in  adding  a  hot  solution  of  9  pam 
of  potassium  chlorate  to  a  similar  solution  of  7  parts  of  sodium 
silico-fluoride,  and  boiling ; 

jKClOa    +    NajSiFj    =    aNaClOg    +    K^iFn. 

The  subsequent  treatment  is  the  same  as  in  the  preceding 
process.  The  product  in  this  case  has  the  advantage  of  bdnf 
free  from  the  possible  contamination  with  organic  matter. 

Sodium  chlorate  occurs  in  colorless,  transparent  cr>-stals,  or  as 
a  white,  crystalline  powder.  Its  taste  is  more  decidedly  saline 
and  cooling  than  the  corresponding  potassium  salt.  It  is  soluWf 
in  I.I  parts  of  water  at  15°,  and  in  0.5  part  of  boiling  water, 
100  parts  of  alcohol,  and  in  40  parts  of  boiling  alcohol  ;  it  isalw 
soluble  in  5  parts  of  glycerin.  When  heated,  the  salt  melts  and 
gives  off  oxygen,  leaving  a  residue  of  sodium  chloride. 

On  account  of  its  greater  solubility  the  salt  has  been  used 
considerably  in  place  of  the  potassium  chlorate  in  calico  printing 
and  in  the  manufacture  of  aniline  black. 

Sodium  DromaU,  NaBrOg,  may.  like  the  potassium  bromate,  b^;p^^ 
pared  during  the  manufacture  of  the  corresponding  bromide.  It  i> 
soluble  in  about  3  parts  of  water  at  15°.  In  other  respects  it  resemliks 
the  potassium  salt. 

Sodium  lodale,  NalOa,  is  prepared  similarly  to  the  preceding  sail.  nA 
crystallizes  with  a  variable  proportion  of  water.  It  is  soluble  in  5Wnc  iJ 
parts  of  water. 

SODIUM   AND   SULPHUR   AND  THEIR   OXYGEN 
SALTS. 

These  compounds  closely  resemble  the  mono-,  di-,  tri-.  and  poly- 
sulphides  of  potassium,  and  may  be  prepared  in  a  similar  manner. 

Sodium  Hyposulphite,  NaHSOj.  —This  must  not  be  confounded 
with  the  thiosulphate,  NajSaOa-sHjO,  which  is  commerdallT 
known  as  hyposulphite. 

The  true  sodium  hyposulphite  is  prepared  by  reducing  a  con- 
centrated solution  of  acid  sodium  sulphite  in  a  well -corked  bora 
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With  metallic  zinc.     The  mixture  is  kept  cool  for  about  a  half- 
hour,  when  a  white  precipitate  of  sodium  zinc  sulphite  separates. 
The  clear  supernatant  solution  is  then  poured  off  into  three  times 
its  volume  of  strong  alcohol,  and  the  resulting  liquid  poured  into 
a  l>ottle,  completely  filling  it.     The  bottle  is  then  tightly  corked 
to  exclude  air,  and  set  aside.     A  second  crop  of  the  sodium  zinc 
sulphite  crystals  again  forms,  and  the  clear  liquid  is  poured  from 
these  into  a  bottle,  and  excluded  from  the  air  as  before.     After 
some  hours*  standing,  crystals  of  the  sodium  hyposulphite  are 
seen  to  separate.     They  are  filtered  out,  quickly  pressed  between 
folds  of  filtering  paper,  and  dried  in  a  vacuum.     The  resulting 
sa.lt  may  be  purified  by  solution  in  water  and  reprecipitation  by 
alcohol  as  before. 

This  compound  is  used  in  dyeing,  to  reduce  indigo,  and  as  a 
la^boratory  reagent,  where  the  estimation  of  free  oxygen  is  in- 
volved. 

Sodium  Sulphite,  NaaSOg.yHaO.     Sodii  Sulphis,  U.  S.  P.— 
formal  sodium  sulphite  is  prepared  by  saturating  a  solution  of 
^odium  carbonate  with  sulphur  dioxide,  and   then   adding  an 
^niount  of  sodium  carbonate,  previously  dissolved  in  water,  equal , 
^o  that  first  employed  : 


Na^COa 

Sodium 
Carbonate. 


+      aSOa      4- 

Sulphur 
Dioxide. 


Water. 


2NaHSOs 

Acid  Sodium 
Sulphite. 


+ 


aNaHSOg      +      NajCOs 

■Acid  Sodium  Sodium 

Sulphite.  Carbonate. 


=      2NajS03     +      COa 

Sodium  Carbon 

Sulphite.  Dioxide. 


+ 


COa. 

Carbon 
Dioxide. 

HaO. 
Water. 


The  solution  is  then  carefully  evaporated  to  crystallization. 

If  the  solution  be  heated  to  the  boiling  point,  the  anhydrous 
sodium  sulphite  separates,  and  redissolves  on  cooling. 

Properties. — ^The  official  salt  occurs  in  colorless,  monoclinic 
prisms ;  it  is  without  odor,  and  has  a  cooling,  saline,  somewhat 
sulphurous  taste  ;  it  effloresces  when  exposed  to  air,  and  is  slowly 
oxidized  to  sulphate. 

It  is  soluble  in  4  parts  of  water  at  15°,  and  in  0.9  part  of  boil- 
if^  water ;  it  is  scarcely  soluble  in  alcohol.  When  the  salt  is 
gently  heated,  it  softens  somewhat,  without  fusing,  and  above  100° 
it  loses  its  water  of  crystallization,  amounting  to  50  per  cent. ,  with- 
^t  the  crystals  changing  their  shape.  At  a  red  heat,  the  salt 
^^*ses  to  reddish-yellow  masses  of  sodium  sulphate  and  sulphide. 

The  aqueous  solution  is  either  neutral  or  faintly  alkaline  to 
^tmus  paper. 
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Add  Sodium  Sulphite,  NaHSOg,  Sodii  Bisulphis,  U.  S.  P.. 
is  prepared,  as  stated  under  the  preceding  salt,  when  a  solutio 
of  sodium  carbonate  is  saturated  with  sulphur  dioxide  ;  the  sar 
separates  out  in  turbid  crystals  on  cooling  the  solution. 

Commercially  it  is  much  used  in  solution,  from  which,  howev 
it  may  be  crystallized,  or  precipitated  by  alcohol. 

Properties. — The  salt  slowly  evolves  sulphur  dioxide,  air 
has  a  disagreeable,  sulphurous  taste.     It  is  soluble  at  15®  in 
parts  of  water  and  in  72  parts  of  alcohol,  and  in  about  2  pa 
of  boiling  water  and   in  49   parts  of  boiling  alcohol.      Wh 
strongly  heated,  the  vapors  of  sulphur  and  sulphur  dioxide 
evolved,  and  a  residue  of  sodium  sulphate  remains.     The  aque 
solution  imparts  an  acid  reaction  to  litmus  paper. 

The  official  requirements  demand  a  salt  of  90  per  cent,  puri^  .    xy 

but  it  is  not  often  found  in  commerce  of  this  strength. 

Uses. — ^The  salt  and  its  solution  are  used  largely  as  a 
servative,  and  as  a  bleaching  agent.     Sulphur  dioxide  is  rea( 
and  abundantly  evolved  on  the  addition  of  an  acid. 

Sodium  Sulphate,  NajSO^.  loHjO.    Sodii  Sulphas,  U.  S.  P*   - 

The  anhydrous  salt  is  known  as  salt-cake,  while  the  official  cciz:^  :md 
pound  with  10  molecules  of  water  is  known  as  Glauber's  s^^=^^l/, 
after  Glauber,  who,  in  1658,  first  described  it  under  the  nam^r-  of 
sal  mirabile.     Sodium  sulphate  is  widely  diffiised  in  nature.  Jn 

the  anhydrous  condition  it  is  found  as  the  mineral  thenardLm'de, 
and  in  the  hydrous  form  as  mirabilite ;  the  former  is  founc3L  in 
Spain  and  on  Vesuvius,  and  the  latter  throughout  the  globe  ^  it 
exists  in  sea  water  and  in  many  mineral  springs,  chief  of  wb^m.  i-<^h 
is  that  at  Carlsbad.  Large  amounts  occur  in  a  nearly  pure  st^a*-'*^' 
in  solution,  in  many  lakes  throughout  the  arid  regions  of  wes^z^^ni 
United  States.  A  number  of  these  lakes  exist  near  LararTT^ie, 
Wyoming,  where  the  salt  occurs  in  various  degrees  of  pu^"^^' 
amounting  in  some  cases  to  over  99  per  cent.  The  depth  of  'tliis 
deposit  is  20  to  30  feet. 

Preparation. — In  addition  to  being  found  native,  sodium  sul- 
phate is  a  by-product  in  many  chemical  processes,  and  is  ^^Iso 
produced  in  enormous  quantities  as  a  preliminary  step  in  "*^ 

Leblanc  process  for  manufacturing  sodium  carbonate.  L  ^^^  '^ 
quantities  are  produced  from  the  natural  product  in  Wyomi  ^^^' 
this  natural  product  is  dehydrated  before  sending  into  comm^^-^^^* 
The  official  salt  occurs  in  transparent  monoclinic  prisms  or  gr":^*-  ^^' 
lar  crystals,  the  commercial  salt  is  frequently  covered  with 
rescence  ;  it  is  without  odor,  and  has  a  bitter,  saline  taste. 
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Sodium  sulphate  is  soluble  in  2.8  parts  of  water  at  15®,  and  in 
^).47  part  of  boiling  water ;  at  34°  water  exerts  the  maximum 
.solvent  action,  i  part  of  the  salt  requiring  o.  25  part  of  water ; 
if  this  solution  be  heated,  rhombic  crystals  of  the  anhydrous  salt 
.^separate  out. 

Sodium  sulphate  fuses  when  heated  to  33®,  and  at  100®  it  loses 
.^U  its  water,  amounting  to  55.9  per  cent.  At  a  red  heat  the 
.^imhydrous  salt  fuses  without  decomposition. 

Uses. — ^Sodium  sulphate  has  some  use  in  medicine,  but  its 
.^^rreatest  consumption  is  in  the  manu&cture  of  sodium  carbonate  ; 
mt  is  also  extensively  employed  in  glass  manufacture. 

Acid  Sodium  Sulphctte,  NaHS04,  is  known  as  bisulphate  of  soda.  It 
m:5  prepared  by  heating  16  parts  of  sodium  sulphate  with  10  parts  of  pure 
croncentrated  sulphuric  add  until  they  liquefy,  and  then  dissolving  the 
^^■ooled,  white,  crystalline  mass  in  twice  its  weight  of  water ;  by  evaporating 
^a.t  50**  the  anhydrous  salt  is  obtained  in  triclinic  prisms.  When  the  crys- 
'€:allization  takes  place  at  the  ordinary  temperature,  monoclinic  prisms, 
'With  one  molecule  of  water,  NaHS04.H20,  are  formed. 

There  are  other  sodium  sulphates  of  minor  importance,  which  are  very 
-^amilar  to  the  corresponding  potassium  salts,  to  which  the  reader  is 
x"«ferred. 

Sodium  ThiosulphaUy  NajSjOa-sHaO.  Sodii  Hyposulphis, 
XJ.  S.  P. — ^This  salt  is  commercially,  but  incorrectly,  known  as 
hyposulphite  of  soda.     It  was  discovered  in  1799  by  Chaussier. 

Preparation. — Sodium  thiosulphate  is  prepared  by  boiling  a 
solution  of  sodium  sulphite  with  sulphur  : 

NajSOa    +    S    =    Na^SaOa. 

The  commercial  source  is  from  the  black  ash  residue,  after 
extraction  of  sodium  carbonate  in  the  alkali  manufacture.  When 
this  residue  is  exposed  to  air  for  some  time,  the  calcium  sulphide, 
or  03cysulphide,  therein  contained,  is  oxidized  to  thiosulphate,  as 
follows : 

aCaS      +      aOa      +      HaO      =      CaSaOg      +      Ca(OH)a. 

Calcium  Oxygen.  Water.  Calcium  Calcium 

Sulphide.  Thiosulphate.,  Hydrate. 

The  thiosulphate  is  extracted  from  the  mass  with  water,  and 
^e  resulting  solution  decomposed  with  sodium  sulphate  as 
foUovrs: 

CaSgOg    4-    NaaS04    =    NajSaOa    +    CaS04. 

Calcium  Sodium  Sodium  Calcium 

Thiosulphate.         Sulphate.  Thiosulphate.         Sulphate. 

I^ropcrtics. — Sodium  thiosulphate  forms  large,  colorless,  well- 
defined  monoclinic  crystals ;   odorless,   with  a  saline,  cooling, 
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afterwards  bitter  taste.  It  gives  a  neutral  reaction,  and  Is  pet- 
manent  in  dry  air.  Above  33°  it  effloresces,  and  at  50°  mdts 
its  water  of  crystallization.  At  ioo°  it  loses  all  its  water,  amount- 
ing to  36.3  per  cent,,  and  at  a  red  heat  it  is  decomposed,  evolving 
sulphur  which  escapes,  leaving  a  residue  of  sodium  sulphate  ud 
sulphide. 

Sodium  thiosulphate  is  soluble  in  0.65  part  of  water  at  15' 
the  boiling  temperature  its  solution  is  rapidly  decomposed    "J 
is  insoluble  in  alcohol. 

The  chloride,  bromide,  and  iodide  of  stiver  are  readily  solutj 
in  solutions  of  sodium  thiosulphate,-  forming  a  double  salt  ^ 
follows : 

AgCI    +    NagSjOa    =    NaAgSaOg    +    NaCl. 

Iodine  is  also  dissolved  by  an  aqueous  solution  of  sodium  tUm 
sulphate,  sodium  iodide  and  tetrathionate  being  formed : 
sNa^Oa    +    Ij    =    NagS^O,    +    aNaL 

Chlorine  acts  in  a  similar  manner,  which  fact  has  given  to  llie 
sail  the  name  of  antic hlor ;  on  this  account  it  has  exiensi\*ei» 
in  removing  the  excess  of  chlorine  in  bleaching  operations.  It  is 
also  used  in  photography,  because  of  the  property  it  posstas 
of  dissolving  the  halogen  compounds  of  silver. 

OXYGEN   SALTS   OF  SODIUM   AND   NITROGEN. 

Sodium  Nitrate,  NaNO,.  Sodii  Nitras,  U.  S.  P.— In  i68j 
Bohn  discovered  this  salt,  which  was  more  thoroughly  investi- 
gated by  Duhamel  in  1736,  and  Marggraf  in  1761.  In  i8»il 
was  first  shipped  from  South  America  to  European  ports. 

Occurrence. ^Sodium  nitrate  is  found  as  a  natural  depoaiin 
parts  of  Soulh  America,  chiefly  in  Chili,  Peru,  Bolivia,  and  0* 
province  of  Bahia  in  Brazil.  The  Atacama  Desert  extends  througfi 
the  northern  part  of  Chili  Into  the  southern  part  of  Peru,  It 
is  in  Atacama,  Chili.  Tarapaca,  Peru,  and  the  interlying  region 
that  the  mo.st  extensive  deposits  occur.  The  district  covers  hun- 
dreds of  miles,  is  practically  rainless,  and  is  especially  fevonible 
for  the  recovery  of  a  salt  like  this,  which  is  soluble  in  water- 
The  crude  deposit  is  termed  "caliche,"  and  one  tract  alone  ex- 
tends 40  miles  in  length,  and  1  to  2  miles  in  width. 

A  characteristic  nitrate  pampa,  or  calichero,  as  it  is  calfeo. 
consists  of  about  the  following  strata  :  First,  a  layer  of  sand  a"* 
gravel,  about  i  to  2  inches  deep  ;  then  a  6-inch  layer  of  a  nlnti" 
friable  substance  consisting  largely  of  calcium  sulphate;  beto 
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this    is  a  stratum  from  2  to  10  feet  in  thickness,  consisting  of 
earth  and  stones  ;  then  there  is  a  layer  i  to  3  feet  thick  of  a  sub- 
stance known  as  costra^  which  is  low-grade  caliche^  composed  of 
chlorides,  feldspar,  and  earthy  matter.     The  caliche,  or  crude 
sodium  nitrate,  lies  below  this ;  it  forms  a  layer  from   i^  to  2 
feet    in  thickness.     In  the  Tarapaca  district  this  layer  is  much 
thicker,  ranging  from  4  to  12  feet.     Below  the  sodium  nitrate 
deposit  is  a  stratum  of  fine  clay  3  feet  in  depth,  and  resting  on 
porphyritic  rocks. 

The  value  of  the  caliche  varies  from  15  to  65  per  cent,  sodium 
riitrate.  The  different  grades  are  mixed  so  as  to  make  an  aver- 
^S^  product  containing  about  35  per  cent. 

Extraction. — The  crude  caliche  is  boiled  with  water  until  the 
^cjuor  registers  no**  Tw.  at  120®,  and  the  clear  solution  run  into 
^^^tallizing  tanks.  The  residue  is  boiled  with  water  a  second 
^^nae,  which  usually  completes  the  exhaustion.  The  liquor  in  the 
^^'stallizing  tanks  deposits  its  crystals  of  the  nitrate  in  from  4  to 
^  days,  according  to  the  temperature. 

The  mother  liquor  is  then  run  off  to  the  iodine  house,  where 
^Hat  valuable  element  is  removed.  The  crystals  of  sodium  nitrate 
^X"e  thrown  out  on  draining-boards,  washed  once  with  a  little  cold 
'^^ter,  allowed  to  dry,  and  are  then  packed  in  bags  for  shipment. 
•A^  water  is  scarce  in  this  dry  region,  all  washings  are  saved  and  all 
^tcam  is  condensed  as  far  as  possible.  In  some  places  water  is 
l>rought  as  far  as  80  miles.  The  commercial  sodium  nitrate,  pre- 
I>ared  as  above  described,  consists  of  96  per  cent,  nitrate,  with 
small  quantities  of  chlorides,  sulphates,  moisture,  and  insoluble 
matter. 

Properties. — For  medicinal  use  the  commercial  salt  would  re- 
quire purification  by  recrystallization.     It  is  officially  described 
Sbs  occurring  in  "colorless,  transparent,  rhombohedral  crystals, 
odorless,  and  having  a  cooling,  saline,  and  slightly  bitter  taste. 
Ddiquescent  in  moist  air.     Soluble,  at  15°,  in  1.3  parts  of  water, 
and  in  about  100  parts  of  alcohol ;  in  0.6  part  of  boiling  water, 
and  m  40  parts  of  boiling  alcohol." 

When  75  parts  of  sodium  nitrate  are  dissolved  in  100  parts  of 
^^terat  13.2®,  the  temperature  falls  to  — 5.2°. 

On  the  application  of  heat,  sodium  nitrate  melts  at  312®,  with- 

^*wt  decomposition ;  at  a  higher  temperature  it  evolves  oxygen 

^^  is  converted  into  nitrite.     The  aqueous  solution  of  the  salt 

"••  a  neutral  reaction  towards  litmus  paper. 

U*C8. — Sodium  nitrate  is  used  extensively  as  a  fertilizer,  as  a 
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preservative  agent  for  meat,  and  for  the  preparation  of  pousain 
nitrate  by  double  decomposition  with  potassium  chloride.  Snce 
it  is  cheaper  than  the  potassium  salt,  it  is  used  in  the  preparaiiua 
of  nitric  acid.  It  cannot  replace  the  potassium  salt  in  the 
facture  of  gunpowder,  because  of  its  tendency  to  absorb  moisi- 
ure.  The  world's  consumption  of  sodium  nitrate  amounted  U 
845,000  tons  in  1893,  of  which  about  100,000  tons  cametoibe 
United  States. 

Sodium  Nitrite,  NaNO,,  Sodli  Nitris,  U.  S.  P.,  is  prepan4 
by  heating  100  parts  of  sodium  nitrate  with  285  parts  n 
lead,  in  an  iron  vessel,  to  500°  : 

NaNO,    +    Pb    =    NaNOa    +    PbO- 

The  fused  mass  is  treated  with  water,  filtered,  and  carbon  diox- 
ide passed  through  the  filtrate  in  order  to  remove  the  last  traM 
of  lead.      Finally,  the  salt  is  purified  by  repeated  crv-stallizarion. 

Properties. — As  usually  found  in  commerce,  sodium  nitrite  ij 
in  opaque,  fused  masses  or  sticks.  These  have  a  yellowish- 
color,  and  are  made  up  of  microscopic,  prismatic  crj-stals.  Tht 
salt  is  odorless,  has  a  mild,  saline  taste,  and  when  exposed  to  tbe 
air  deliquesces  and  is  gradually  oxidized  to  nitrate. 

Sodium  nitrite  is  soluble  in  about  1.5  parts  of  water  al  15' 
very  soluble  in  boiling  water,  and  only  slighdy  soluble  in  alcoha\. 
On  the  application  of  heat,  the  salt  melts,  and  at  a  red  heat  il  4* 
composes,  with  the  formation  of  oxygen,  nitrogen,  nitrogen  di 
oxide,  and  sodium  oxide.  The  aqueous  solution  reacts  alkalin 
towards  litmus  paper. 

This  salt  was  made  official  because  of  its  use  in  the  manu6c- 
ture  of  spirit  of  nitrous  ether.  The  Pharmacopoeia  requires  liut 
it  shall  contain  not  less  than  97.6  per  cent,  of  the  pure  salL 

Sodium  nitrite  has  considerable  use  as  a  chemical  reageal, 
being  usually  employed  when  a  soluble  nitrite  is  demanded ;  it  is 
also  employed  by  the  color  manufacturers. 

OXYGEN   SALTS   OF  SODIUM   AND   PHOSPHORUS. 
Sodium.    Orthophosphates. — There  are    three   compounds  rf 
sodium  with  orthophosphoric  acid,  as  follows  : 

Trisodium  orthophosphate,  NaaPO^.iaHjO. 
Disodium  orthophosphate.  NajHPO,.i2HjO. 
Monosodium  orthophosphate.  NaH^PO,.  HjO.  I 

The  first  one  of  these,  which  is  also  known  as  the  neut*" 
sodium  phosphate,  'is  obtained  when  a  slight  excess  of  sod^2 
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hydrate  is  added  to  the  disodium  salt  or  to  orthophosphoric  acid, 

and  the  solution  evaporated.     It  separates  in  six-sided  prisms,  is 

easily  soluble  in  water,  and  the  resulting  solution  reacts  alkaline 

towards  litmus.     When  exposed  to  the  air  the  solution  absorbs 

carbon  dioxide,  sodium  carbonate  and  the  disodium  salt  resulting. 

£>isadium    OrthophosphaU,    Na3HP04.i2HaO. — This    salt    is 

official  under  the  name  of  Sodii  Phosphas,  U.  S.  P.,  but  is 

generally  known  in  commerce  as  **  phosphate  of  soda."     It  is 

W'iciely  distributed  in  the  animal  economy,  especially  in  the  urine, 

^Here  it  is  found  to  the  extent  of  from  .3  to  .5  per  cent. 

Sodium  phosphate  is  formed  when  sodium  carbonate  is  added 
^  phosphoric  acid  until  a  faintly  alkaline  reaction  is  obtained, 
low  33®  crystallization  takes  place. 
I'roperties. — These  crystals  contain  12  molecules  of  water, 
^*^cl  rapidly  effloresce  on  exposure  to  the  air,  losing  5  molecules 
^  water  (25.1  per  cent.).  They  occur  in  large,  colorless,  mono- 
'^c  prisms,  odorless,  and  having  a  cooling,  saline  taste.  The 
is  soluble  in  5.8  parts  of  water  at  15°  and  in  1.5  parts  of 
'^'^^iling  water ;  it  is  insoluble  in  alcohol. 

On  the  application  of  heat,  sodium  phosphate  fuses  at  40°  ;  at 
^^^X)®it  loses  all  its  water  of  crystallization,  amounting  to  60.3  per 
^^nt.,  and  at  a  red  heat  it  is  converted  into  sodium  pyrophos- 
phate. The  aqueous  solution  reacts  slightly  alkaline  towards 
litonus  paper,  but  does  not  affect  phenolphtalein. 

Uses. — Sodium  phosphate  is  used  somewhat  in  medicine, 
largely  as  a  reagent,  and  to  a  certain  extent  in  the  dyeing  industry. 
Mimosodiwn  Orthophosphate,  NaHj,P04.  HjO. — When  ordi- 
na^ry  sodium  phosphate  and  orthophosphoric  acid  are  mixed  and 
evaporated,  the  monosodium  salt  separates  with  one  molecule  of 
W3.ter  of  crystallization.  These  crystals  occur  in  rhombic  prisms, 
and  their  aqueous  solution  has  an  acid  reaction. 

'Sodium  Pyrophosphate,  Na^PjO^.  loHaO.  Sodii  Pyrophos- 
pbas,  U.  S.  P. — The  simplest  method  of  obtaining  this  salt  is  by 
heating  the  ordinary  sodium  phosphate  to  250®,  or  more  rapidly 
by  bcreasing  the  temperature  to  low  redness,  until  a  sample 
*^^€n  out  and  dissolved  in  water  gives  no  yellowish  color  to 
*^  precipitate  with  silver  nitrate.  The  following  expresses  the 
reaction: 

aNa^HFO*    =    Na4Pa07    -f-    HjO. 

.^^lUs  Operation  may  be  conducted  in  an  iron  vessel,  but  one  of 
*^^  is  preferaUe.    After  the  conversion  is  complete,  the  cooled 
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mass  is  dissolved  in  5  parts  of  hot  water,  filtered,  and  the  filtered 
solution  allowed  to  crystallize. 

Sodium  pyrophosphate  occurs  in  **  colorless,  transparent,  mono- 
clinic  prisms,  or  a  crystalline  powder,  odorless,  and  having  a  cool- 
ing, saline,  and  feebly  alkaline  taste. ' '  The  crystals  are  permanent 
under  most  circumstances,  but  effloresce  slightly  in  dry  air. 

The  salt  is  soluble  in  12  parts  of  water  at  15°,  and  in  i.i  parts 
of  boiling  water ;  alcohol  does  not  dissolve  it.  The  aqueous 
solution  is  slightly  alkaline  to  litmus  and  phenolphtalein.  When 
heated  to  100°,  the  salt  loses  its  water  of  crystallization,  amount- 
ing to  40.34  per  cent.  Above  this  temperature  it  fuses  to  a  clear 
liquid,  which  solidifies  in  a  crystalline  mass. 

LHsodium  Pyrophosphate ^  Na2HaPa07.6H20,  is  prepared  by  heating 
the  official  sodium  phosphate  to  150®  with  strong  hydrochloric  acid,  or  by 
dissolving  the  normal  pyrophosphate  in  acetic  acid  and  precipitating  by 
alcohol.  As  thus  obtained,  it  occurs  as  a  white,  crystalline  powder.  Its 
aqueous  solution  has  an  acid  reaction. 

Sodium  Metaphosphate,  NaPOa,  is  formed  by  heating  the  ordinary 
phosphate  to  bright  redness  for  some  minutes.  This  compound  is 
scarcely  soluble  in  water ;  it  exists  in  several  polymeric  modifications, 
corresponding  to  the  various  polymeric  metaphosphoric  acids ;  these 
modified  salts  are  more  soluble  in  water. 

Sodium  Hypophosphite,  NaPHgOa-HjO.      Sodii  Hypophos- 

phis,  U.  S.  P.— Sodium  hypophosphite  is  obtained  by  adding 
solution  of  sodium  carbonate  to  one  of  calcium  hypophosphite  as 
long  as  a  precipitate  is  produced.  The  filtered  solution  is  evap- 
orated at  a  low  temperature,  and  concentration  is  completed  in 
a  vacuum.  Dangerous  explosions  have  resulted  from  too  rapid 
evaporation  of  this  solution,  even  a  water-bath  temperature  may 
result  disastrously. 

Properties. — This  salt  occurs  in  pearly,  tabular  crystab,  or  in 
a  white,  granular  powder ;  it  is  without  odor,  but  possesses  a 
bitterish-sweet,  saline  taste.  It  is  very  deliquescent  on  exposure 
to  moist  air,  and  the  solution  is  neutral  to  litmus  paper. 

Sodium  hypophosphite  is  soluble  in  i  part  of  water  and  in  30 
parts  of  alcohol  at  15°  ;  it  is  dissolved  by  0.12  part  of  boiling 
water  and  by  i  part  of  boiling  alcohol ;  in  absolute  alcohol  it  is 
slightly  soluble,  but  insoluble  in  ether. 

On  carefully  heating  a  small  quantity  of  the  salt  in  a  test-tube, 
it  first  loses  water  of  crystallization,  and  at  200°  it  is  decomposed 
with  the  evolution  of  spontaneously  inflammable  hydrogen  phos- 
phide and  some  hydrogen,  which  burn  with  a  yellow  flame. 
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odium  hjrpophosphite  should  not  be  triturated  with  nitrates, 
ciilorates,  permanganates,  or  other  oxidizing  agents,  as  violent 
lesions  thereby  result. 

OXYGEN  SALTS  OF  SODIUM  AND  BORON. 

dium  Borate,  NajB^O^.  ioHj,0.     Sodii  Boras,  U.  S.  P. 
istory. — Borax  was  known  to  the  ancients  and  to  the  alche- 
Its  true  chemical  character  was  not  understood  until  1747, 
n  Baron  pointed  out  the  fact  that  it  consisted  of  boric  acid 
n  called  sedative  salt)  and  soda. 

ccurrence. — Originally  borax  was  known  in  certain  lakes  of 
,  later  it  was  brought  from  India  and  Persia,  and  was  found 
smaller  quantities  in  various  parts  of  the  world.     Rich  deposits 
found  in  the  nitre  regions  of  Chili  and  Peru,  and  in  Ecuador. 
t  abundant  deposits  of  borax  in  the  United  States  were  not 
overed  until  1856,  and  not  worked  until  1864.      The  dis- 
covery appears  to  have  been  made  by  Dr.  Veatch,  at  Clear  Lake, 
California.     Since  that  time  numerous  other  deposits  have  been 
discovered  in  California  and  Nevada.     In  some  of  these  localities 
^e  base  is  calcium  instead  of  sodium  ;  in  South  America,  for  in- 
stance, the  mineral  boronatrocalcite,  ^2i^^^,2Qi&fi^,i'^\{Jd, 
^  chiefly  found,  while  the  borocalcite,  CaB407.4H20,  is  found  in 
these  as  well  as  in  many  other  places.     One  bed  of  this  latter 
'"lineral,  near  Death  Valley,  in  California,  has  an  average  depth 
of  six  feet.     It  is  locally  known  as  colemanite,  from  Coleman,  the 
discoverer.     This  mineral  is  also  known  as  ulexite,  and,  from  the 
^ture  of  the  crystallizations,  it  is  termed  cotton-balls  by  the 
inhabitants. 

Extraction. — Crude  borax  is  known  as  tincaL  This  crude 
product  in  many  cases  only  requires  to  be  dissolved  in  water  and 
^owed  to  crystallize  in  order  to  make  it  sufficiently  pure  to  be 
^nt  into  commerce.  In  other  deposits  there  is  much  matter  of 
^  greasy  nature,  which  must  first  be  removed  by  washing  with  a 
^^k  solution  of  sodium  or  calcium  hydrate.  The  deposits  in 
"^is  country,  however,  are  of  such  purity  as  merely  to  require 
^^crystallization.  When  borocalcite  or  ulexite  is  used,  it  is  boiled 
I  '^th  water  and  sodium  carbonate,  the  result  being  sodium  borate 

I  ^d  calcium  carbonate.     Much  of  the  borax  formerly  consumed 

\  ^  the  Eastern  Hembphere  was  made  by  neutralizing  the  nati^'e 

B  *X)ric  acid  of  Tuscany  with  sodium  carbonate.     The  output  of 

^L  "^rax  in  the  United  States  is  not  far  from  10,000,000  pounds 
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annually,  and  instead  of  importing  it  at  a  high  price,  as  was  the 
case  previous  to  1864,  it  is  now  exported  in  large  quantities. 

Properties. — Sodium  borate  occurs  in  colorless,  transparent, 
prismatic  crystals,  or  as  a  white  powder  ;  it  is  odorless,  and  has 
a  sweetish,  alkaline  taste.  In  warm,  dry  air  it  is  slightly  efflo- 
rescent. 

The  salt  dissolves  in  16  parts  of  water  at  15°,  and  0.5  part  of 
boiling  water  ;  it  is  insoluble  in  alcohol.  At  80°  it  is  soluble  in 
I  part  of  glycerin.  On  the  application  of  heat,  borax  first  loses 
a  part  of  its  water  of  crystallization,  and,  without  melting,  swells 
to  a  white,  porous  mass.  When  the  heat  is  increased  to  redness, 
the  remainder  of  the  water  is  driven  off,  amounting  to  47. 14  per 
cent.,  and  the  salt  fuses  to  a  colorless  liquid,  which  on  cooling 
hardens  to  a  transparent  glass  known  as  borax  glass.  The  aque- 
ous solution  of  the  salt  reacts  alkaline  towards  litmus  paper,  and 
colors  yellow  turmeric  paper  brown. 

Uses. — On  account  of  its  solvent  action  on  metallic  oxides, 
borax  is  largely  used  in  soldering  and  welding.  Its  extended 
use  in  metallurgical  operations  and  in  blowpipe  analysis  is  well 
known.  It  enters  into  the  composition  of  some  soaps,  is  used 
as  a  preservative,  and  is  employed  in  the  manufacture  of  certain 
kinds  of  glass,  and  in  some  enamels. 

Octohedral  Borax  is  a  variety  with  5  molecules  of  water  of  crystalliza- 
tion. It  is  formed  by  allowing  crystallization  to  take  place  above  60®. 
This  is  accomplished  by  dissolving  ordinary  borax  in  boiling  water  until 
the  solution  has  a  specific  gravity  of  1.246,  and  then  allowing  it  to  cool 
slowly ;  the  crystallization  begins  when  the  temperature  reaches  79**. 
Below  56°  ordinary  prismatic  borax  crystallizes. 

Sodium  Metaborate,  NaBOa.4HaO. — This  salt  is  formed  when  i  mole- 
cule of  borax  is  fused  with  i  molecule  of  sodium  carbonate,  the  product 
is  the  anhydrous  salt,  which,  when  dissolved  in  water  and  allowed  to 
crystallize,  separates  with  4  molecules  of  water. 

Sodium  Orthoborate,  NasBOa- — When  boron  trioxide  is  fused  with 
sodium  hydrate  the  following  reaction  takes  place : 

BaOg       -f       6NaOH        =        2Na3B08       +        3HaO. 

Boron  Trioxide.      Sodium  Hydrate.       Sodium  Orthoborate.  Water. 

This  salt  is  very  unstable,  and  cannot  exist  in  solution,  since  it  b  con- 
verted by  water  into  the  metaborate. 

OXYGEN  SALTS  OF  SODIUM  AND  SILICON. 

SODIUM  SILICATES. 


Sodium  silicate  is  a  constituent  of  many  minerals  and  of 
Tln'ir  arc  at  least  three  compounds  of  silicic  acid  with  sodium^ 
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wlucrla  are  formed  according  to  the  proportion  of  the  constituents 
entez-ing  into  the  reaction.  When  quantities  of  silica  and  sodium 
carl>onate,  equal  to  their  respective  molecular  weights,  are  fused 
tog&^Iier,  sodium  metasilicate,  Na^SiO,,  is  formed. 

Tl-^is  compound  is  soluble  in  water,  and  when  it  is  dissolved  in 
that  liquid  and  slowly  evaporated,  it  separates  in  monoclinic  crys- 
tals -^with  6  molecules  of  water  of  crystallization.  If  in  the  fusion 
an  ^access  of  sodium  carbonate  be  used,  the  trisilicate,  NagSigOio, 
isforrned. 

Commercial  sodium  silicate,  or  water  g/ass,  consists  chiefly  of 
sodium  tetrasilicate,  NajS409.  It  is  prepared  by  fusing  together 
45  parts  of  powdered  quartz  or  fine  sand,  23  parts  of  dry  sodium 
^^^rbonate,  and  3  parts  of  charcoal.  The  fused  product  is  run 
"^to  a  tank  of  water,  which  has  the  effect  of  converting  it  into 
s^all  porous  masses,  which  are  more  easily  dissolved  in  water. 
**^e solution  in  water  is  a  thick,  viscid  liquid,  which  forms  the 
*^iquor  Sodii  Silicatis,  U.  S.  P.  It  is  officially  described  as 
'allows :  **  A  semi-transparent,  almost  colorless,  or  yellowish,  or 
P^  greenish-yellow,  viscid  liquid,  odorless,  having  a  sharp, 
^^'ne,  and  alkaline  taste,  and  an  alkaline  reaction.  Specific 
SJ^vity,  1.300  to  1.400  at  15°." 

Soluble  glass  is  used  largely  as  a  bandaging  material,  enters 
*nto  the  composition  of  many  cements,  and  is  used  in  large  quan- 
tities in  the  manufactiu'e  of  silicated  soaps. 

Sddium  FhtosiHcate^  NaaSiFe.— This  compound  is  also  known  as 
Sodium  silicofluoride.  It  is  prepared  by  neutralizing  hydrofluosilidc 
iicid  with  sodium  hydrate  or  carbonate.  Like  the  corresponding  potas- 
sium salt,  it  is  not  very  soluble  in  cold  water.  It  is  stated  to  have 
powerful  antiseptic  properties,  and  has  been  introduced  into  medidne 
Wider  the  name  of  "  Salufer.'' 

OXYGEN  SALTS  OF  SODIUM  AND  CARBON. 

Sodium  Carbonate,  NaaCOg. loHjO.  Sodii  Carbonas,  U.S. P. 
History. — Sodium  carbonate,  or  soda,  has  been  known  since 
earliest  times.  It  was  not  originally  distinguished  from  pot- 
,  both  being  designated  by  the  term  nitrum, 
Suhamdy  in  1736,  and  Marggraf,  in  1759,  were  the  first  to 
w  a  sharp  distinction  between  the  two  ;  the  former  showed  the 
of  common  salt,  borax,  and  the  ashes  of  sea  plants  to  be  one 
the  same ;  the  latter  designated  soda  as  mineral  alkali,  and 
distinguished  it  from  potash  by  the  yellow  color  it  imparted  to 
ukc  flame; 
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Nearly  all  the  soda  was  obtained  previous  to  1793  frjm  tk 
ashes  of  sea  plants,  called  varec  or  iulp.  These  "sea-wewU 
collected  on  the  northwest  coasts  of  France,  Ireland,  and  Sen- 
land. 

One  of  the  immediate  results  of  the  French  Revolution 
cause  a  demand  for  soda  from  some  other  source  than  sea-weedv 
On  investigating  the  various  processes,  it  was  found  that  an  apotb- 
ecary,  Nicolas  Leblanc,  associated  with  Diz£, 
small  manulactorj-  at  Sl  Denis,  in  which  he  used  sea  salt 
nbh  the  sodium  for  his  sodium  carbonate.  The  manu&cton-bt 
came  a  national  establishment,  and  was  successfully  at  wo*  ii 
1794.  Other  manuiactories  by  this  process  were  more  succesiij 
at  Marseilles,  and  the  original  one  was  soon  closed.  The  iiidii!li| 
was  established  in  England  in  1823  by  Muspratt. 

There  is  probably  no  operation  in  the  whole  field  of  indusirid 
chemistri.'  that  has  undergone  so  few  fundamental  changes. 
&r  as  the  material  employed  and  the  reactions  involved  are  co« 
cerned,  they  remain  the  same  as  in  the  original  process.  It 
tnte  that  many  improvements  have  been  introduced,  but  Chq 
ha\-e  been  of  a  mechanical  nature  or  have  related  to  the  ublia 
tion  of  waste  material.  In  more  recent  times  entirely  diffaa 
processes  have  been  established,  the  most  successfiil  ones  bdi) 
that  by  Thomsen  (1851,1,  in  which  cryolite  is  used,  and  that 
Solvay  C1S73),  known  as  the  amtm^nia-sixfa  process. 

Occurrence. — Sodium  carbonate  is  found  in  the  ash  of 
plants,  but  especially  in  that  from  sea  plants  and  those  groi 
near  salt  waters.     It  is  also  found  in  the  waters  of  many 
springs,  often  in  the  form  of  bicarbonate.     An  efflorescence 
deposit,  consisting  largely  of  sodium  carbonate,  occurs  in  the 
in  many  rainless  localities,  as  in  Egypt,  Mexico,  parts  0/ 
America,  and  in  the  drier  parts  of  the  United  States,  there  bei 
unknown  quantities  in  California,  Wyoming,  and  Nevada,  aod] 
probably  in  some  other  Western  States.     The  native  product   ' 
this  country  was  produced  to  the  amount  of  2500  tons  io  rgg^ 
valued  at   12,500  dollars.     That  from  the  soda  lakes  of  Effl-Q 
is  still  shipped  from  Alexandria. 

Preparation.— I.  Native  &rfa.— The  soda  which  occurs 
nature  consists  almost  entirely  of  the  sesquicu-bonate,  having  ^ 
formula  2NaHCOa.Na,C03.2HjO.  That  which  is  brought  fi-^ 
Egypt  is  usually  known  as  Trona-soda,  thai  from  South  Ame  -^ 
(Colombia)  and  Mexico  is  called  Urao-soda,  and  the  small  gi  ^ 
tity  brought  into  commerce  from  Hungary  is  known  as  ~   ' 


igary  is  known  as  An^^ 
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2.  Sffda  from  the  Ashes  of  Plants, — The  amount  found  in  the 
>hes  of  sea  and  sea-coast  plants  is  from  5  to  30  per  cent  The 
^Kxla  from  Spain  is  usually  known  as  Salsola  soda  and  Barilla  ; 
-fchat  from  the  south  of  France  is  called  Salicox  or  Blanqiiette 
^Kxla ;  and  that  prepared  from  the  species  of  Fucus,  used  also  in 
*^he  preparation  of  bromine  and  iodine,  is  called  Kelp  soda  in 
.Scotland,  and  Varec  soda  in  Normandy  and  the  Channel  Islands. 
^Potassium  is  far  more  widely  distributed  in  plants  than  sodium, 
but  those  plants  growing  in  or  near  the  salt  water  take  up  large 
^quantities  of  sodium  chloride  and  convert  it  into  salts  of  the  or- 
^jajAc  acids. 

3-    The  Leblanc  Process. — ^When  sodium  carbonate  is  manufac- 
tured by  this  method,  the  first  step  consists  in  converting  sodium 
ohloride  into  sulphate  ;  this  part  of  the  operation  is  known  as  the 
^sdt'Cake  process.     It  consists  in  decomposing  the  sodium  chloride 
in  a  furnace,  as  shown  in  Fig.  44,  page  140,  with  chamber  acid 
(sulphuric  acid  having  a  specific  gravity  of  1.60  to  1.70).     In 
many  works  a  double  furnace  is  used,  as  shown  in  Fig.  63.     The 
oharge  of  salt,  usually  amounting  to  several  hundred  pounds,  is 
placed  in  the  central  pan,  and  an  equal  quantity  of  the  sulphuric 
SLcid  is  run  in  ;  there  is  an  immediate  evolution  of  large  quantities 
of  hydrochloric  acid,  according  to  the  following  reaction  : 

NaCl        +        H^O*       =        NaHS04        -f        HCl. 

Sodiam  Sulphuric  Acid  Sodium  Hydrochloric 

Chloride.  Acid.  Sulphate.  Acid. 

The  central  pan  in  which  this  reaction  takes  place  is  of  iron, 
and  is  heated  by  a  fire  underneath.  The  hydrochloric  acid  is 
passed  into  coke  towers  (see  Fig.  45,  page  141)  to  be  condensed 
and  dissolved  by  cold  water,  forming  the  commercial  hydrochloric 
or  muriatic  acid.  The  residue  in  the  pan  consists  of  acid  sodium 
sulphate  with  some  undecomposed  chloride.  At  the  expiration 
of^  about  an  hour  the  mass  is  raked  into  one  of  the  hearths  or 
"■^asteis  on  either  side ;  here  the  reaction  is  completed  by  the 
™Rher  heat  from  the  furnaces  at  each  end  : 

+       HQ. 

Hydrochloric 
Acid. 

The  hydrochloric  add  which  is  evolved,  is  recovered  as  in  the 

'^^ceding  part  of  the  operation.     The  salt  which  remains  consists 

^  about  95  per  cent,  sodium  sulphate,  with  small  quantities  of 

^  add  sulphate,  sodium  chloride,  calcium  sulphate,  ferric  oxide, 


NaHS04 

+ 

NaCl       = 

=       NagSO* 

Add  Sodiiim 

Sodium 

Sodium 

Snlphatc 

Chloride. 

Sulphate. 

L 
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and  insoluble  matter  ;  it  is  commercially  known  as  salt-cake,  or 
frequently  simply  as  sulphate. 


I  -* 


The  sulphate  is   converted   into  carbonate  by  the  black-mA 
process      This  operation  consists  in  fusing  an  intimate  n 


ntimate  mi  i  lijM 

M 
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of  salt-cake,   calcium  carbonate  or   limestone,  and  coal.     The 
xeaction  takes  place  by  two  steps,  as  follows  : 

Na,S04        +        4C        =        Na^S        +        4CO. 

Sodium  Carbon.  Sodium  Carbon 

Sulphate.  Sulphide.  Monoxide. 

The  sodium  sulphate  is  first  reduced  to  sulphide,  and  the  latter 
reacts  with  the  calcium  carbonate,  forming  calcium  sulphide  and 
sodium  carbonate : 

Na^S        -f       CaCOs       =       NajCOs       +        CaS. 

Sodium  Calcium  Sodium  Calcium 

Sulphide.  Carbonate.  Carbonate.  Sulphide. 

The  above  process  was  formerly  carried  out  in  an  ordinary 
xeverberatory  fiirnace,  but  now  nearly  all  works  have  adopted  a 
revolving  furnace,  as  shown  in  Fig,  64.     The  charge  is  introduced 
into  the  cylinder  b  from  cars  above,  and,  after  fusion  from  the 
heat  of  the  furnace  a,  is  run  out  into  cars  beneath.     The  heat 
from  A  is  introduced  through  the  axle  into  the  cylinder,  and  the 
excess  passes  out  through  the  other  side,  to  be  used  as  presently 
described.     These  revolving  furnaces  accomplish  by  mechanical 
means  what  was  formerly  very  difficult  and  costly  labor, — namely, 
thorough  mixing  of  the  material  during  heating.     The  cylinder 
is  revolved  very  slowly  at  first,  and  finally  not  faster  than  one 
revolution  in  three  minutes.     The  quantities  of  the  different 
materials  employed  by  Leblanc  were  100  parts  each  of  salt-cake 
and  limestone  and  50  parts  coal.     In  some  works  at  the  present 
tine  this  proportion  is  only  varied  by  using  a  relatively  smaller 
amount  of  coal,  but  in  some  other  manufactories  there  are  em- 
ployed 142  parts  salt-cake,  100  parts  limestone,  and  24  parts  coal. 
These  revolving  fiunaces  first  came  into  use  in  1868.     Some 
of  them  are  large  enough  to  produce  a  daily  yield  of  80  to  90 
tons  of  black  ash.     They  are  made  of  wrought  iron  and  lined  with 
fire-brick. 
Crude  soda  or  black  ash  has  about  the  following  composition  : 

Per  cent. 

Sodium  carbonate 45 

Caldum  sulphide 30 

Caldum  oxide 10 

Caldum  carbonate 5 

Foreign  matter 10 

Considerable  quantities  of  this  crude  soda  are  used  without 
fi^rther  purification  in  the  manufacture  of  green  glassware,  in 
Map-making,  and  in  bleaching. 
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The  next  step  in  the  Leblanc  process  consists  in  lixiviating  the 
black  ash,  evaporating  the  solution,  and  crystallizing.  The  black 
ash  is  allowed  to  weather  for  a  short  time,  by  which  it  becomes 
more  porous  and  more  easily  broken  into  small  pieces  ;  it  is  then 
treated  with  water  in  such  a  manner  as  to  effect  solution  with  the 
least  possible  amount  of  liquid.  This  is  accomplished  by  using 
a  series  of  vats,  in  which  that  ash  which  is  nearly  exhausted  is 
treated  with  fresh  water ;  the  fresh  ash  being  treated  by  water 
already  partly  saturated. 

The  solution  is  evaporated  in  the  pans  d,  d.  Fig.  64,  by  the 
waste  heat  from  the  furnace.  The  crystals  which  separate  are 
raked  out  into  E,  E.  These  crystals  are  sometimes  dissolved  in 
water  and  recrystallized,  by  which  they  become  crystal  soda,  or, 
as  is  much  oftener  the  case,  they  are  calcined  on  the  hearth  of  a 
reverberatory  furnace,  and  become  raw  soda  or  soda  ash.  In  the 
latter  process  calcium  sulphide  is  converted  into  calcium  sulphate, 
caustic  alkali  is  carbonated,  and  all  sulphide  which  causes  the 
yellow  color  is  removed. 

The  mother  liquor  from  the  first  crystallization  of  the  soda 
contains  considerable  quantities  of  sodium  hydrate  ;  it  also  con- 
tains some  chloride,  sulphate,  cyanide,  and  sulphide  as  impuri- 
ties. These  are  in  part  gotten  rid  of  by  allowing  the  liquor  to 
run  down  a  coke  tower  in  which  it  meets  a  current  of  air  ;  the 
latter  oxidizes  the  sulphides  and  cyanides.  The  liquor  is  then 
concentrated  until  it  has  a  specific  gravity  of  i.io,  when  it  is 
boiled  with  calcium  hydrate,  which  removes  carbonates  and  sul- 
phates ;  after  they  setde  out,  the  clear  liquor  is  drawn  off  into  an 
iron  vessel,  evaporated,  and  heated  to  redness,  when,  after  treat- 
ment with  a  litde  sodium  nitrate  to  remove  all  cyanides,  the 
caustic  alkali  is  run  into  iron  drums  and  sent  into  commerce. 

Modifications  of  the  Leblanc  Process, — ^While  many  sugges- 
tions have  been  made  regarding  improvements  of  the  Leblanc 
process,  comparatively  few  have  come  into  use.  That  devised 
by  Hargreaves  and  Robinson  involves  an  important  change  in 
the  preparation  of  salt-cake.  It  consists  in  acting  directly  on 
sodium  phloride  by  sulphurous  oxide,  oxygen  (atmospheric),  and 
watery  vapor.     The  reaction  is  as  follows  : 

+     2HCI. 

Hydrochloric 
Acid. 

The  sulphur  dioxide  is  furnished  directly  from  iron  pyrites  by 
roasting.     The  result  is  a  purer  product  at  a  lower  cost,  but  the 


SOa     +      0     + 

HjO    +    2NaCl      = 

=     NajSO* 

Sulphur       Oxygen. 

Water.            Sodium 

Sodium 

Dioxide. 

Chloride. 

Sulphate. 
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iiioi-eased  expense  of  installation,  greater  consumption  of  fuel,  and 
in  oi- cased  outlay  for  labor  have  been  impediments  to  its  general 
tion. 

est  of  the  other  changes  which  have  met  with  favor  have 

to  utilization  of  the  waste  materials.     These  have  mostly 

in  the  direction  of  recovering  the  sulphur.     When  we  con- 

^•r  that  each  ton  of  sodium  carbonate  produced  represents  i  j4 

s  of  dry  alkali  waste ^  it  is  easily  understood  that  the  economi- 

oJistribution  of  this  waste  becomes  a  serious  problem.     This 

consists  chiefly  of  calcium  sulphide  and  carbonate,  with 

quantities  of  a  number  of  other  compounds. 

e  process  of  Chance  for  utilizing  the  sulphur  is  probably  the 

practical  one  that  has  been  suggested.     By  it  90  per  cent. 


X\\t.  sulphur  is  recovered,  and  used  as  such,  or  converted  into 
s\alp>hur  dioxide,  to  be  used  again  in  the  production  of  sodium 
c:arV>onate.      The  process  consists  in  treating  the  alkali  waste  with 
crart>on  dioxide  from  the  lime-kilns,  which  are  nearly  always  asso- 
ciated with  alkali  works.     This  carbon  dioxide  has  usually  been 
allo^wed  to  go  to  waste.     When  it,  in  the  presence  of  moisture, 
IS  brought  in  contact  with  calcium  sulphide,  the  following  reac- 
tion takes  place,  with  the  formation  of  calcium  sulphydrate  and 
carbonate : 


2Ca.S    4-    COa    -|-    HaO 

=    CaCOg    -f    CafSH)a. 

Calcium          Carbon     *     Water. 

Calcium                 Calcium 

>alphide.        Dioxide. 

Carbonate.          Sulphydrate. 

With  a  further  addition  of  carbon  dioxide  calcium  carbonate  is 
ibnned,  with  evolution  of  hydrogen  sulphide,  as  follows  : 

Ca(SH)a    +    COa    +    HgO    =    CaCOg    +    2HaS. 

Calcium  Carbon  Water.  Calcium  Hydroeen 

Snlphydrate.  Dioxide.  Carbonate.         Sulphide. 

This  hydrogen  sulphide  is  either  burnt  to  SO,  and  used  in  the 
preparation  of  sulphuric  acid,  or  the  quantity  of  air  with  which  it 
w  heated  b  r^;ulated  so  that  free  sulphur  is  formed  as  follows  : 

HjiS    +    O    =    HgO    4-    S. 

A  part  of  the  alkali  waste  is  utilized  in  the  production  of  sodium 
tniosulpijate,  as  described  under  that  salt. 

♦•    The  Ammonia'Soda  Process, — As  long  ago  as  1838  this 

P'^^^^css  was  patented  by  Dyer  and  Hemming,  but  was  first  con- 

^I'icted  on  a  commercial  scale  in  1855  by  Schlossing  and  Rolland 

^^^  Paris,    The  numerous  practical  difficulties,  however,  were 

^^  overcome  until  Solvay,  in  1861,  established  a  manufactory 
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near  Brussels.     Since  that  time  it  has  slowly  encroached  on  t 
Leblanc  process,  so  that  in  1892  the  official  figures  for  the  ois^ 
put  by  these  processes  were  as  follows  : 

Tons. 

Leblanc  soda 519*593 

Ammonia-soda 304*897 

Total 824,490 

Leblanc  soda  does  not  appear  to  be  produced  in  the  Unit 
States,  except,  perhaps,  the  relatively  small  amount  from  t 
natural  sodium  sulphate  in  Wyoming,  while  the  production 
ammonia-soda  by  the  Solvay  patent  amounted  to  82,000  tons 
1892. 

The  ammonia-soda  process  consists  in  decomposing  a  saturate 
solution  of  sodium  chloride  with  acid  ammonium  carbonate 
follows : 

NaQ     4-     NH4HCO8     =     NaHCOs     +     NH4CL 

Sodium  Acid  Acid  Ammonium 

Chloride.  Ammonium  Sodium  Chloride. 

Carbonate.  Carbonate. 

In  practice  this  is  effected  by  running  the  salt  solution  do 
through  a  column,  which  meets  in  its  descent  the  ammonia 
This  apparatus  in  which  the  brine  is  saturated  is  either  iron,  C 
lined,  or  wood  lined  with  lead.     The  ammonia  enters  through* 
perforated  iron  plate,  by  which  it  is  broken  up  into  small  bubbl 
Considerable  rise  of  temperature  takes  place  during  the  a 
tion,  and  the  saturated  brine  is  passed  through  a  cooler  into  anotlm 
vessel,  in  which  it  is  saturated  with  the  carbon  dioxide.     The  T 
action  may  be  summed  up  as  follows  : 

NaCl    +    NH3    +    COg    -t-    HgO    =    NaHCOa    +    NH4CL 

Sodium        Ammonia.        Carbon         Water.  Acid  Ammoniasv 

Chloride.  Dioxide.  Sodium  Chloride* 

Carbonate. 

The  ammonia  is  produced  from  ammonium  chloride  and 
cium  or  magnesium  oxide.     Originally  the  calcium  compoim 
was  employed,  but  by  using  the  magnesium  compound 
sium  chloride  is  formed,  which  may  be  decomposed  by  steam 
the  production  of  hydrochloric  acid  and  magnesium  oxide. 
process  thus  becomes  a  continuous  one,  in  which  the  ammc^ 
and  magnesia  are  repeatedly  used  over,  while  the  fresh  mat 
required  are  common  salt  and  carbon  dioxide ;  the  latter  is 
tained  from  the  lime-kilns,  from  magnesite,  or  from  fuel. 

The  sodium  bicarbonate  produced  in  this  process  is  coll 
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on  a  vacuum  filter,  washed  with  a  small  quantity  of  cold  water, 
and  dried.     It  is  converted  into  normal  carbonate  by  heat : 

2NaHC08    =    NagCOg    -f-    CO,    -f    HgO. 

The  carbon  dioxide  is  used  to  furnish  a  part  of  that  required  to 
saturate  the  ammoniacal  brine. 

5.  Soda  from  Cryolite, — The  mineral  cryolite  occurs  in  enor- 
mous deposits  in  Greenland.  The  product  of  these  mines  is 
brought  to  Philadelphia  and  converted  into  sodium  carbonate  and 
bicarbonate  at  the  works  of  the  Pennsylvania  Salt  Company 
in  Western  Pennsylvania.  This  mineral  has  the  composition 
Al3Fe.6NaF,  and  is  therefore  a  double  fluoride  of  sodium  and 
aluminum.  When  the  finely-divided  mineral  is  mixed  with  chalk 
or  limestone  and  heated,  the  following  reaction  takes  place  : 

AlaFe.6NaF  -f   aCaCOa    =    AljOaaNaaO    +    6CaFa    +    fiCOg. 

Cryolite.  Calcium  Sodium  Calcium  Carbon 

Carbonate.  Aluminate.  Fluoride.  Dioxide. 

The  fiised  mass  is  treated  with  water,  whereby  the  soluble 
sodium  aluminate  is  dissolved ;  carbon  dioxide  is  then  passed 
through  this  solution  under  pressure,  which  precipitates  the 
.aluminum  hydrate  and  forms  sodium  carbonate  : 


NaeAl,0« 

+     3COa     4- 

3H,0     = 

=      aNa^COs 

+ 

Al,(OH).. 

Sodium 

Carbon 

Water. 

Sodium 

Aluminum 

Alnminate. 

Dioxide. 

Carbonate. 

Hydrate. 

The  dear  solution  is  run  off  fi-om  the  precipitate,  and  the 
sodium  carbonate  allowed  to  crystallize.  A  considerable  portion 
of  this  company's  output  is  converted  into  bicarbonate. 

Properties. — When  containing  its  full  10  molecules  of  water 
of"  crystallization,  sodium  carbonate  occurs  in  large,  colorless, 
JHonoclinic  crystals,  which  have  a  specific  gravity  of  1.440  at 
'5^.  The  salt  is  odorless,  and  has  an  alkaline  taste  and  reaction. 
^^hen  exposed  to  air  the  crystals  become  white,  and  gradu- 
crumble  to  a  fine  white  powder,  losing  about  one-half  of 
water  of  crystallization,  amounting  to  31.46  per  cent.  The 
dissolves  in  1.6  parts  of  water  at  15°,  and  in  0.2  part  of 
ig  water ;  it  is  most  soluble  at  38°,  0.09  part  of  water  at 
temperature  being  sufficient  to  dissolve  i  part  of  the  crys- 
The  salt  is  insoluble  in  alcohol  and  ether,  but  soluble  in 
parts  of  glycerin.  On  the  application  of  heat  the  crystals 
in  their  water  of  crystallization  at  32.5°,  and  at  80°  and 
►"ve  they  lose  all  their  water,  amounting  to  about  63  per  cent. 
salt  fiises  at  a  bright  red  heat,  or  about  814°.  When  sodium 
potassium  carbonates  are  taken  in  the  proportion  of  their 
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molecular  weights,  the  mixture  fuses  at  a  considerably  lower 
temperature  than  will  either  singly. 

Sodium  carbonate  is  perhaps  used  in  larger  quantity  and  in  a 
greater  variety  of  ways  than  any  other  alkaline  salt.  In  addition 
to  being  employed  itself,  it  forms  the  base  from  which  many 
other  sodium  salts  are  prepared. 

Pure  sodium  carbonate  is  prepared  by  dissolving  the  commer- 
cial crystals  in  one-half  their  weight  of  water  at  30°  to  40°,  filter- 
ing the  solution,  and  allowing  it  to  stand  in  a  cool  place.  The 
small  crystals  which  separate  are  collected  in  a  funnel,  allowed  to 
drain  well,  and  then  washed  with  a  small  quantity  of  cold  water, 
or  with  a  saturated  solution  of  pure  sodium  carbonate.  It  may 
also  be  obtained  by  washing  sodium  bicarbonate  with  cold  water, 
drying,  and  heating  the  residue  to  redness. 

The  impurities  in  the  commercial  carbonate  are  sodium  chloride 
and  sulphate,  with  perhaps  ammonium  salts. 

Dried  Sodium  Carbonate,  Sodii  Carbonas  Exsiccatus, 
U.  S.  P.  —This  is  obtained  from  the  commercial  crystals  by  allow- 
ing them  to  effloresce  at  a  temperature  not  exceeding  25°  until 
they  disintegrate,  and  then  drying  at  45*^  until  they  have  lost 
one-half  their  weight. 

Sodium  Bicarbonate  {Acid  Sodium  Carbonate),  Sodii  Bicar- 
bonas,  U.  S.  P. — This  salt  was  first  prepared  by  Valentine  Rose 
in  1801. 

It  occurs  in  many  mineral  waters,  especially  those  of  Ems  and 
Vichy. 

Preparation. — Sodium  bicarbonate  was  originally  pref>ared 
by  passing  carbon  dioxide  into  a  concentrated  solution  of  neutral 
sodium  carbonate ;  the  bicarbonate,  on  account  of  its  sparing 
solubility,  separates  out : 

NajCOa    +    CO,    -f    HaO    =    aNaHCOa- 

Since  the  solution  absorbs  carbon  dioxide  slowly,  the  commer- 
cial process  consists  in  making  an  intimate  mixture  of  4  parts  of 
the  effloresced  carbonate  and  i  part  of  the  crystals.  This  mixture 
is  distributed  on  broad  shelves  in  a  room,  and  carbon  dioxide 
from  some  cheap  source  is  passed  in  until  the  salt  k  saturated. 
Large  quantities  of  the  bicarbonate  are  now  produced  in  the  am- 
monia-soda process  for  making  the  neutral  carbonate,  and  this 
furnishes  a  satisfactory  product  provided  ammonium  salts  arere-- 
moved.  The  cryolite  process  for  the  neutral  carbonate  also  fiir^" 
nishes  a  superior  bicarbonate  ;  and  these  two  sources  now  n 
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supply  the  American  markets,  since  the  importations  of  20,000,000 
pou.nds  annually  some  twenty  years  ago  have  decreased  to  less 
thstn  2,000,000  at  the  present  time. 

.^^ropcrtics. — Sodium  bicarbonate  forms  in  small  monoclinic, 
tabuilar  crystals,  which  are  frequently  united  into  crusts.  As  found 
in  tlie  shops,  it  is  a  white,  opaque  powder,  permanent  in  the  air 
ui^dcr  ordinary  circumstances,  but  decomposing  slowly  in  moist 
air-.  It  has  a  mildly  alkaline  taste,  and  the  cold  solution,  when 
fre^^lily  prepared,  gives  a  faintly  alkaline  reaction  to  litmus  paper. 
'X^lie  crystals  have  a  specific  gravity  of  2.22  at  16°.  The  salt  is 
soluitle  in  11.3  parts  of  water  at  15°,  and  at  a  higher  temperature, 
ii^  tine  presence  of  water,  it  loses  carbon  dioxide,  the  neutral  car- 
late  being  formed ;  at  the  boiling  temperature  it  is  entirely 
'erted  into  the  neutral  salt.  Sodium  bicarbonate  is  insoluble 
i'^  sQcohol  and  in  ether. 

On  the  application  of  heat,  carbon  dioxide  and  water  are  given 
^ff ,  with  the  formation  of  the  neutral  carbonate,  as  follows  : 

2NaHC08    =    Na^COs    -f    HjO    +    COj. 
The  reaction  may  be  completed  at  70°,  although  it  takes  place 
*nore  rapidly  at  100®,  and  when  complete  there  is  a  loss  of  36.3 
per  cent 

Uses. — Sodium  bicarbonate  enters  into  the  composition  of 
"^ost  baking  powders  ;  it  is  used  as  a  cheap  source  of  carbon  di- 
oxide in  the  preparation  of  effervescent  drinks  ;  and  it  has  con- 
querable use  in  the  textile  industries,  especially  in  ungumming 
®  Jk  and  scouring  wool,  as  it  attacks  the  fibre  less  than  soap  or 
^"Jimonia. 

AMMONIUM. 

Formula,  NH4.  Molecular  Weighty  18.01.  Valence,  T. 

History. — ^The  salts  of  ammonium  were  known  to  the  an- 
^^nts,  but  ammonia  gas  was  first  collected  by  Priestiey  in  1774, 
«thoug^h  it  was  previously  known  that  a  pungent  odor  was  devel- 
oped on  adding  an  alkali  to  sal  ammoniac.  Berthollet,  in  1785, 
^^termined  it  to  be  composed  of  nitrogen  and  hydrogen. 

Theoretical  Considerations.— The  present  theory  concern- 

^'^gr  ammonium  salts  is  that  the  compound  NH4  is  a  metal-like 

^^ody  which  combines  with  the  acids  in  the  same  manner  that 

*^Xlium  and  potassium  do.     This  view  has  been  strengthened  by 

formation  of  an  amalgam  composed  of  the  radical  NH4  and 

When  ammonium  chloride,  in  contact  with  mercury,  is 

su!fagected  to  the  electric  current,  a  bulky,  buttery  mass  is  formed 
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which  is  considered  to  be  ammonium  amalgam.  The  same  prod 
uct  is  obtained  by  placing  sodium  amalgam  containing  i  per  ceni 
of  sodium  in  a  concentrated  solution  of  ammonium  chloride 
adding  at  the  same  time  a  few  fragments  of  the  salt.  The  bulk 
amalgam  which  is  formed  becomes  crystalline  at  very  low  ten 
peratures,  and  at  — 29**  begins  to  decompose,  forming  2  volume 
of  ammonia  gas  and  i  volume  of  hydrogen.  The  salts  of  amm( 
nium  most  closely  resemble  those  of  potassium,  with  which  the 
are  isomorphous. 

Occurrence  and  Sources. — The  salts  of  ammonium  ai 
widely  distributed  in  nature.  The  carbonate,  nitrate,  and  nitril 
are  found  in  small  quantities  in  the  atmosphere,  in  rain,  and  i 
snow  ;  the  chloride  is  found  in  many  volcanic  gases  ;  many  of  tli 
above,  as  well  as  other  compounds  of  ammonium,  are  found  i 
the  soil,  and  in  the  secretions  of  plants  and  animals. 

One  of  the  chief  inorganic  sources  of  ammonium  salts  is  tb 
native  carbonate  in  the  guano  deposits  of  South  America  ;  th 
salt  which  exists  in  this  guano  is  the  acid  carbonate,  NH^HCOj 

The  suffoni  of  Tuscany  yield,  besides  boric  add,  a  consideraU 
quantity  of  ammonium  sulphate ;  in  one  locaUty  four  sufTor 
yield  some  1500  kilos  of  ammonium  sulphate  in  24  hours.  Thi 
salt  is  supposed  to  have  resulted  from  the  decomposition  of  01 
ganic  matter  in  the  Tuscan  mountains,  since  the  soil  in  the  vi 
cinity  of  the  lagoons  is  impregnated  with  ammonium  sulphate. 

The  organic  sources  of  ammonium  salts  are  of  the  greates 
importance,  and  yield  nearly  all  of  the  commercial  salts  ;  of  thes 
stale  urine  and  the  product  from  the  distillation  of  bones  formerl 
played  an  important  part,  but  at  the  present  time  practically  th 
entire  supply  comes  from  gas-liquor,  from  the  condensed  gasc 
of  coke-ovens  and  iron-works,  and  from  the  watery  distillate  o 
shale-works.  These  various  ammoniacal  liquors  are  treated  a( 
cording  to  the  salt  required,  usually  the  chloride  or  sulphate,  th 
details  of  which  will  be  considered  under  the  respective  salts. 

HALOGEN  SALTS  OF  AMMONIUM. 

Ammonium  Chloride,  NH4CI  (Sal  Anmioniac).  Ammon. 
Chloridum,  U.  S.  P.— Sal  ammoniac  was  prepared  m  carii- 
times  in  Egypt  by  the  sublimation  of  the  ashes  and  soot  resultia 
from  the  burning  of  camel's  dung,  which  was  there  used  as  &^ 
The  salt  may  be  prepared  by  the  direct  union  of  equal  vol 
of  the  gases,  ammonia  and  hydrochloric  acid. 
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At  the  present  time  the  ammoniacal  water  from  gas-works  or 

siniiiar  sources  is  neutralized  with  hydrochloric  acid,  or  oftener 

th^   ammonia  gas  is  liberated  from  these  liquors  by  lime  and 

ps^ised  into  the  hydrochloric  acid.     The  salt  is  first  partly  purified 

t>y      crystallization,  and  then  it  is  sublimed.     This  operation  is 

usually  conducted  in  cast-iron  vessels  (Fig.  6$)  lined  with  fire- 

FiG.  65. 


*«y,  the  dome  sometimes  being  of  earthenware  or  glass.  The 
'^ude  salt  is  rammed  in  tightly,  and  then  heat  id  applied,  gently 
at  first  in  order  to  drive  off  moisture  ;  a  small  hole  is  left  in  the 
*op  of  the  dome  to  allow  the  escape  of  this  moisture.  When  the 
cake  of  sublimed  salt  in  the  dome  has  reached  a  sufficient  thick- 
ness,— from  6  to  12  centimeters,  according  to  the  size  of  the  cal- 
*lron, — the  dome  b  raised  and  the  cake  removed.  When  pre- 
pared in  iron  vessels  sal  ammoniac  is  usually  contaminated  with 
some  of  that  metal ;  this  may  be  prevented  by  adding  to  the 
"large,  before  subliming,  about  5  per  cent,  of  calcium  phosphate, 
"y  which  means  any  ferric  chloride  is  decomposed  and  remains 
**chind  as  phosphate.  The  crystalline  and  granular  ammonium 
*^liloride  is  prepared  by  adding  to  the  powdered  salt  a  hot,  satu- 
rated solution  of  the  same,  so  as  to  form  a  magma  of  crj'stals, 
*^TOch  are  placed  in  moulds  similar  to  those  used  in  the  manu- 
■acture  of  loaf-sugar ;  after  thorough  draining,  the  whole  is  dried, 
and  the  loaf  of  the  salt  is  removed  and  packed  for  shipment.  A 
L  ■ottner  official  process  consisted  in  adding  to  a  solution  of  the  salt 
V  a  little  ammonium  hydrate,  filtering,  evaporating,  and  granu- 
^       latii^ ;  this  process  was  for  the  purpose  of  removing  iron. 
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should  not  be  decomposed  when  colored,  but  may  be  redaimej 
by  dissolving  in  water,  decolorizing  with  a  small  quantitjofiu 
monia  water,  e\'aporating  and  granulating. 

AMMONIUM   AND  SULPHUR. 

jimmonium  Motioiutphide  (NH^JgS. — When  2  volumes  of  amiMa 
gas  and  i  volume  of  hydrogen  sulphide  are  mixed  at  a  temperaiureo( 
— 18°,  ammonium  monosulphide  b  formed.  It  forms  colorless,  glilttfin 
crystals,  which  commence  to  decompose  at  ordinar)-  leniperalure  iiUo 
ammonia  and  ammonic  sulphydrale.  Thb  compound  is  prqaroj « 
aqueous  solution  by  saturating  3  parts  of  solution  of  ammonia  vilh  hf- 
drogen  sulphide  and  then  adding  3  parts  of  ammonia  water.  Tlusit Iht 
ofhcial  test-solutiun.  It  is  a  valuable  reagent  ui  the  laboratory,  and  s 
very  extensively  used. 

Ammoirium  Hydrosuipkide,  NH,SH, — TTiis  compound  is  obimitd 
when  ammonia  gas  and  hydrogen  sulphide  are  mLted  at  ordinaiy  inn- 
peratures ;  on  cooling  to  o",  colorless,  acicular  crystals  separate.  Thw 
crystals  are  formed  when  alcoholic  ammonia  is  saturated  with  hydrogB 
sulphide.  The  compound  is  formed  in  aqueous  solution  when  aqams 
ammonia  is  saturated  with  hydrogen  sulphide : 

NH,OH    +    H^    =    NH,SH    +    H,0. 

This  solution  and  the  preceding  one  of  ammonium  monosulplude  Di 
colored  yellow  on  standing,  owing  to  the  formation  of  the  higher  anunD- 
nium  polysulphides  and  water.  There  are  at  least  three  of  these  hifto 
sulphides:  ammoniutm  Ulrasulphide.  (NH«)gS,,  obtained  by  cooling  Ibc 
mother  liquor  from  the  pentasulphide  and  saturating  it  with  w\mm 
and  hydrc^en  sulphide ;  antmonium  pentasulphide,  (NH^jjS^  prepared 
by  dissolving  sulphur  in  the  solution  of  hydrosulphide ;  and  ammtmm 
keptaiulpkide,  (NHf)sS7,  formed  when  the  pentasulphide  is  exposed  ID 

OXYGEN  SALTS   OF  AMMONIUM. 

Ammonium  Stilphale,  (NH,),SO,. — This  salt  is  met  with  isi 
by-product  in  the  manufacttire  of  boric  acid,  and  is  found  native 
as  the  mineral  tnascagnite.     It  is  prepared  by  saturating  ammo- 
nuical  gas-liquor  with  sulphuric  acid,  evaporating  rapidly,  and  ] 
removing  the  crystals  as  they  form  by  perforated  ladles.    As 
thus  obtained  the  crystals  are  of  a  dark  color.     They  are  fint-l 
allowed  to  drain  well,  then  dissolved  in  water,  treated  with  ani-j 
mal  charcoal,  filtered,  and  recrystallized,  I 

Properties. — Ammonium  sulphate  occurs  in  large,  tranv* 
parent,  rhombic  crystals,  isomorphous  with  potassium  sulphate^ 
They  are  soluble  in  1.3  parts  of  water  at  15°,  and  in  t  part  oJ 
boiling  water,  insoluble  in  absolute  alcohol,  but  slightly  solulAaj 
in  ordinary  alcohol.     On  the  application  of  heat 


heat  the  crystals  me^ 
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Ammomttm  Iodide,  NHJ.     Ammonii  lodidum,  U.  S.  P.— 
I*he  simplest  method  of  preparing  this  salt  is  by  neutralizing 
b^rdriodic  add  with  ammonia  : 

NH4OH       +       HI       =       NH4I       4-       HjO. 

Ammoninm  Hydrlodic  Ammonium  Water. 

Hydrate.  Acid.  Iodide. 

Hydriodic  acid  is  prepared  with  some  difficulty  and  expense, 
that  other  methods  have  been  tried  with  moderate  success  ;  in 
e  of  these  powdered  iodine  is  added  to  freshly  prepared  am- 
onium  sulphydrate,  forming  ammonium  iodide,  hydrogen  sul- 
,  and  sulphur : 


+ 

2NH4HS 

=:          2NH4I 

+       H^ 

+     s. 

Ammoninm 

Ammonium 

Hydrojgren 
Sulphme. 

Snlphnr. 

Snlphydrate. 

Iodide. 

It  has  been  found  impossible  to  remove  all  sulphur  from  the 
^^^^^de  in  this  process. 

The  following  method  was  official  in  the  U.  S.  Pharmacopceia 
1870 :  Concentrated  hot  solutions  of  33  parts  potassium  iodide 
d  13  parts  ammonium  sulphate  are  mixed,  stirred  well,  mixed 
ith  alcohol,  and  the  whole  cooled  to  40^  : 

2KI        -L        (NH4),S04      =       2NHJ        +        KaSO^. 

PotftBsinm  Ammonium  Ammonium  Potassium 

Iodide.  Sulphate.  Iodide.  Sulphate. 

The  mixture  is  then  thrown  into  a  funnel,  previously  stopped 
'^^ith  cotton,  allowed  to  drain,  and  the  residual  potassium  sulphate 
'^^''Jashed  with  a  mixture  of  2  volumes  of  water  and  i  volume  of 
^IcohoL  The  filtrate  containing  the  ammonium  iodide  is  then 
^v-aporated  carefully  to  dryness,  stirring,  in  order  to  granulate  the 


When  prepared  according  to  this  process  ammonium  iodide 
^i^^vrays  contains  small  quantities  of  anunonium  sulphate.  The 
product  should  be  kept  in  small,  well-stopped  vials  protected  from 
the  light 

Properties. — Ammonium  iodide  occurs  in  minute,  colorless, 
cnUcal  crystals,  odorless,  and  having  a  sharp,  saline  taste.     It  b 
soluble  at  15®  in  i  part  of  water  and  in  9  parts  of  alcohol,  in  0.5 
part  of  boiling  water  and  in  3.7  parts  of  boiling  alcohol.     When 
heated,  it  evolves  vapors  of  iodine  and  completely  volatilizes  with- 
out melting.     Its  aqueous  solution  is  neutral  to  litmus  paper. 

Ammonium  iodide  deliquesces  when  exposed  to  the  air,  and 
gradually  decomposes  with  a  yellow  color,  due  to  the  liberation 
•f  finee  iodine.     The  colored  salt  has  a  faint  odor  of  iodine.     It 
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should  not  be  decomposed  when  colored,  but  may  be  reclaimed 
by  dissolving  in  water,  decolorizing  with  a  small  quantity  of  am- 
monia water,  evaporating  and  granulating. 

AMMONIUxM  AND  SULPHUR. 

Amtnanium  Monosuiphide  (NH^jgS. — ^When  2  volumes  of  ammonia 
gas  and  i  volume  of  hydrogen  sulphide  are  mixed  at  a  temi>erature  of 
— 18**,  ammonium  monosuiphide  is  formed.  It  fomis  colorless,  glittering 
crystals,  which  commence  to  decomjxjse  at  ordinary  temperatures  into 
ammonia  and  ammonic  sulphydrate.  This  compound  is  prepared  in 
aqueous  solution  by  saturating  3  parts  of  solution  of  ammonia  uith  hy- 
drogen sulphide  and  then  adding  2  parts  of  ammonia  water.  This  is  the 
official  test-solution.  It  is  a  valuable  reagent  in  the  laboratory,  and  is 
very  extensively  used. 

Afmnonium  Hydrosulphide^  NH4SH. — ^This  compound  is  obtained 
when  ammonia  gas  and  hydrogen  sulphide  are  mixed  at  ordinary  tem- 
peratures ;  on  cooling  to  o**,  colorless,  acicular  o^'stals  separate.  These 
crystals  are  formed  when  alcoholic  ammonia  is  saturated  u-ith  hydrogen 
sulphide.  The  compound  is  formed  in  aqueous  solution  when  aqueous 
ammonia  is  saturated  with  hydrogen  sulphide : 

NH4OH    +    HaS    =    NH4SH    +    HjO. 

This  solution  and  the  preceding  one  of  ammonium  monosuiphide  are 
colored  yellow  on  standing,  owing  to  the  formation  of  the  higher  ammo- 
nium polysulphides  and  water.  There  are  at  least  three  of  these  higher 
sulphides:  amfnonium  tetrasu/phidf,  (NH4)sS4,  obtained  by  cooling  the 
mother  liquor  from  the  pentasulphide  and  saturating  it  uith  ammonia 
and  hydrogen  sulphide ;  ammonium  pentasulphide ,  (NH4)sS5,  prepared 
by  dissolving  sulphur  in  the  solution  of  hydrosulphide ;  and  afntmrnium 
heptasuiphide^  (NH4)9S7,  formed  when  the  pentasulphide  is  exposed  to 
the  air. 

OXYGEN  SALTS  OF  AMMONIUM. 

Ammonium.  Sulphate^  (NH4)jS04. — ^This  salt  is  met  with  as  a 
by-product  in  the  manufacture  of  boric  acid,  and  is  found  native 
as  the  mineral  mascagnite.  It  is  prepared  by  saturating  ammo- 
niacal  gas-liquor  with  sulphuric  acid,  evaporating  rapidly,  and 
removing  the  crystals  as  they  form  by  perforated  ladles.  As 
thus  obtained  the  crystals  are  of  a  dark  color.  They  are  first 
allowed  to  drain  well,  then  dissolved  in  water,  treated  with  ani- 
mal charcoal,  filtered,  and  recrystallized. 

Properties. — Ammonium  sulphate   occurs  in   laige, 
parent,  rhombic  crystals,  isomorphous  with  potassium 
They  are  soluble  in  1.3  parts  of  water  at  15**,  and  in  i  part 
boiling  water,  insoluble  in  absolute  alcohol,  but  slightly 
in  ordinary  alcohol.     On  the  application  of  heat  the  oyttds 
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at     140** ;  at  280**  they  decompose,  with  evolution  of  ammonia, 
vir.a.ter,  and  nitrogen  ;  at  the  same  time  ammonium  sulphite  with 
sc^xTne  sulphate  sublimes. 

"(Jses. — Ammonium  sulphate  is  one  of  the  most  useful  of  the 
a,nrM  monium  salts,  since  it  forms  the  easiest  method  of  recovering 
ttx^  ammonia  from  gas-liquors,  and  it  is  then  used  as  a  basis 
the  preparation  of  the  other  ammonium  salts.  It  is  espe- 
Uy  employed  in  the  manufacture  of  ammonia-alum  and  as  a 
ilizer. 


^id  Ammonium  Sulphate,  NH4HSO4,  is  obtained  when  the  neutral 
ha^e  is  crystallized  in  dilute  sulphuric  acid. 
1 1  forms  rhombic  crystals  which  resemble  in  form  those  of  acid  potas- 
sulphate. 


Xmmanium  Nitrate^  NH4NOJ. — The  usual  process  for  obtain- 
this  salt  is  by  saturating  nitric  acid  with  ammonium  hydrate 
carbonate  ;  a  somewhat  more  economical  method  consists  in 
:ing  solutions  of  ammonium  sulphate  and  potassium  nitrate ; 
result  is  double  decomposition  with  the  formation  of  potassium 
sulphate  and  ammonium  nitrate ;  the  latter,  being  much  more 
soluble,  is  obtained  after  the  potassium  sulphate  has  crystallized 
out. 

Properties. — Ammonium  nitrate  is  found  in  commerce  in 

long,  thin,  colorless,  rhombic  prisms,  or  in  white,  fused  masses, 

^r  as  a  white,  granular  powder  ;  it  is  odorless,  has  a  sharp,  bitter, 

^^ne  taste,  and  is  somewhat  deHquescent.     Its  aqueous  solution 

*s  neutral  to  litmus  paper.     The  salt  is  soluble  at  15°  in  0.5  part 

pf  water  and  in  20  parts  of  alcohol ;  it  is  very  soluble  in  boil- 

^'^g'  water  and  in  3  parts  of  boiling  alcohol.     It  melts  at  165°, 

^'id    between   230**   and  250°  it  is  decomposed  into  nitrogen 

''Monoxide  and  water,  as  follows  : 

NH4NO8       =       NjO       -f        2HaO. 

small  proportion  of  the  salt  is  sublimed  unchanged  at  the 
time.     The  fused  salt  acts  as  an  energetic  oxidizing  agent. 

ses. — Ammonium  nitrate  is  used  largely  in  the  production 
riitrogen  monoxide,  or  laughing  gas.  The  salt  when  dissolved 
'^^rater  produces  a  decided  fall  in  temperature. 


NUriUy  NH4NOa,  is  formed  by  decomposing  a  solution  of 
nitrite  with  ammonium  chloride : 

NH4CI    -f    AgNOa    =    NH4NOa    +    AgCl. 

crystals  are  obtained  from  this  by  evaporating  the  filtrate  at  ordinary 
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temperatures  over  sulphuric  acid.  Ammonium  nitrite  occurs  in  indis- 
tinctly crystalline  masses,  which  decompose  when  heated  into  water  and 
nitrogen. 

Normal  Ammonium  Phosphate,  (NH4),P04.3H,0.  is  sometimes  found 
in  guano ;  it  is  also  obtained  by  mixing  a  concentrated  solution  of  hydro- 
gen diammonium  phosphate  with  water  of  ammonia.  There  are  depoated 
small  prismatic  or  adcular  crystals,  which  decompose  when  exposed  to 
the  air,  or  when  the  solution  is  boiled. 

Hydrogen  DiammoHium  f^iosphale,  (NH4)bHP04,  isalso  found  in  some 
guanos,  and  is  prepared  by  evaporating  a  solution  of  phosphoiic  acid  with 
a  slight  excess  of  ammonia.  The  salt  is  deposited  in  tian^arenl  mono- 
dinic  prisms. 

Dihydrogen  Ammonium  Phosphate,  NHjHaPO^, — When  the  phos- 
phoric acid  is  in  slight  excess  with  ammonia,  crystals  of  this  compound 
separalt:  out. 

Hydrogen  Ammomum  Sodium  FViosphale,  NaNH4HP04.4HjO.— Mi- 
crocosmic  salt  occurs  in  guano  and  in  putrid  urine.  The  salt  is  prepared 
by  dissolving  S  parts  of  ordinary  sodium  phosphate,  NagHPO^.iiHjO,  in 
hot  water,  adding  to  a  hot  solution  of  the  ordinary  ammonium  phosphat<^ 
(NHi)iHPO,,  and  allowing  the  solution  to  cool.  The  salt  separates  in 
transparent,  monoclinic,  prismatic  crystals.  They  have  a  distinctly  saline 
taste,  and  are  readily  soluble  in  water.  On  the  application  of  heat  the 
salt  melts,  gives  oflT  water  and  ammonia,  and  leaves  a  residue  of  the 
dihydrogen  sodium  phosphate ;  the  further  application  of  heat  melts  this 
salt  to  clear  liquid  with  further  loss  of  water,  and  with  the  formation 
of  sodium  he>ametaphosphale,  which  forms  a  dear  glass  on  cooling. 
Because  of  this  property  of  forming  a  clear  glass  the  salt  is  t.ii^ely  used 
in  blowpipe  analysis. 

Ammonium  Carbonate,  NH^HCOj.NHjNHjCOg.  Ammonii 
Carbonaa,  U.  S.  P. — As  will  be  seen  from  the  above  (onnula, 
the  official  salt  is  a  compound  of  the  acid  ammonium  carbonate 
with  ammonium  carbamate.  Normal  ammonium  carbonate, 
CNH4)aC03,  is  obtained  when  the  official  salt  is  dissolved  in  wai 


When  the  noimal  carbonate  is  desired  in  quantity  and  in  a  solid 
-form,  the  official  compound  is  digested  for  2  hours  at  a  tempera- 
ture of  12°  with  strong  aqueous  ammonia  ;  the  resulting  white, 
crystalline  powder  is  dried  by  pressing  between  folds  of  absorbent 
paper.  These  crystals  are  readily  converted  into  the  acid  car- 
bonate. 

The  official,  which  is  also  the  commercial,  salt  is  prepared  by 
heating  in  iron  retorts  ammonium  sulphate  and  calcium  carbonate 
or  chalk,  with  sometimes  a  small  quantity  of  charcoal: 
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s(r<H^^50^    4-    aCaCOs    =   NH4HC03.NH4NHaCOg    +    NH,    + 

JK.  mmonium  Calcium  Official  Ammonium  Ammonia. 

Sulphate.  Carbonate.  Carbonate. 

HgO      +      2CaS04. 

Water.  Calcium  Sulphate. 

-^\fter  the  condensation  of  the  ammonium  carbonate,  the  un- 
densed  vapors,  containing  water  and  ammonia,  are  led  into 
1  phuric  acid  in  order  to  recover  the  ammonia. 
CDrude  ammonium  carbonate  may  also  be  prepared  by  passing 
inonia,  liberated  from  gas-liquors  by  lime,  into  leaden  cham- 
along  with  carbon  dioxide  and  water. 

3NH8    +    aCOa    +    HjO    =    NH4HC03.NH4NHaCOa. 

Ammonia.  Carbon  Water.  Official  Ammonium  Carbonate. 

Dioxide. 

^Properties. — ^The  official  ammonium  carbonate  occurs  in 
'hite,  hard,  translucent,  striated  masses,  having  a  strongly 
itnoniacal  odor  without  empyreuma,  and  a  sharp,  saline  taste, 
exposure  to  the  air,  the  salt  loses  both  ammonia  and  carbonic 
^dd,  becoming  opaque,  and  is  finally  converted  into  friable, 
porous  lumps,  or  a  white  powder."  The  salt  is  soluble  in  about 
5  |>arts  of  water  at  15°  ;  it  is  decomposed  by  boiling  water,  with 
^he  elimination  of  carbonic  acid  and  ammonia,  resulting  finally, 
^fter  prolonged  boiling,  in  complete  dissipation  of  the  salt.  Al- 
cohol dissolves  the  carbonate,  leaving  the  acid  carbonate  behind. 
^U  the  application  of  heat,  ammonium  carbonate  is  completely 
dissipated  without  darkening  or  charring.  The  aqueous  solution 
""^acts  alkaline  to  litmus,  and  effervesces  strongly  with  acids. 

^^drogen  Ammonium  CardonaU,  NH4HCO3.  Ammonium  Bicar- 
f^i^te. — Crystals  of  this  salt  have  been  found  in  Patagonian  guano  and 
*0  the  purifiers  of  gas-works. 

When  the  commercial  carbonate  is  exposed  to  the  air  for  some  time 
^  white  powder  results,  consisting  of  the  bicarbonate ;  it  may  also  be 
prepared  by  passing  carbon  dioxide  into  an  aqueous  solution  of  the  ordi- 
**^ry  carbonate.  It  is  usually  found  as  a  white,  mealy  powder,  but  may 
^^^  obtained  in  large  rhombic  crystals  by  allowing  them  to  form  slowly 
'*'om  aqueous  solution.  At  60®  it  is  slowly  decomposed  into  ammonia, 
}*^ter,  and  carbon  dioxide.  The  salt  is  soluble  in  8  parts  of  water  at  15° ; 
^^  is  insoluble  in  alcohol. 

LITHIUM. 
Symbol,  Li.  Atomic  Wright,  7.01.  Valence ,  I. 

History. — In  1817,  Arfvedson,  while  working  in  the  labora- 
^^ry  of  Berzelius,  found  a  peculiar  substance  in  the  mineral 
fix>m  the  Swedish  iron-mines  at  Uto.     The  metal  was 
isolated  fay  Bunsen  and  Matthiessen  in  1855. 
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Occurrence. — While  lithium  is  not  found  in  large  quantities, 
it  is  still  widely  distributed  in  the  three  kingdoms.  In  the  mineral 
kingdom  it  is  found  in  petcUite,  a  silicate  of  aluminum,  sodium, 
and  lithium,  to  the  extent  of  2.7  to  3.7  per  cent.;  in  lepidolite,  a 
lithia  mica,  1.3  to  5.7  per  cent.;  and  in  spodumene,  a  silicate  of 
aluminum,  sodium,  and  lithium,  3.8  to  5.6  per  cent.  It  is  found 
in  a  number  of  mineral  waters,  the  most  notable  in  the  United 
States  being  the  springs  at  Gettysburg.  In  the  vegetable  king- 
dom, lithium  has  been  detected  in  the  ash  of  the  vine,  of  sea- 
weed, and  of  tobacco.  The  animal  kingdom  contains  small 
quantities  of  this  metal,  as  shown  by  its  detection  in  the  ashes  of 
blood  and  milk  and  in  muscular  tissue. 

Preparation. — In  order  to  obtain  metallic  lithium,  the  chlo- 
ride is  first  formed.  This  is  accomplished  by  fusing  at  the  highest 
temperature  of  a  wind  furnace  10  parts  of  finely-powdered  lepido- 
lite,  ID  parts  of  barium  carbonate,  5  parts  of  barium  sulphate,  and 
3  parts  of  potassium  sulphate.  The  heavy  barium  compounds 
settle  to  the  bottom,  while  potassium  and  lithium  sulphate  remain 
at  the  top  of  the  fused  mass,  and  are  extracted  by  water.  The 
sulphates  are  converted  into  chlorides  by  the  addition  of  barium 
chloride,  the  solution  evaporated  to  dryness,  and  the  lithium  chlo- 
ride separated  from  the  potassium  salt  by  solution  in  a  mixture 
of  absolute  alcohol  and  ether. 

The  metal  is  obtained  by  fusing  the  chloride  in  a  small  porce- 
lain crucible,  and  decomposing  by  an  electric  current  kom  a  zinc- 
carbon  battery  of  from  four  to  six  cells.  The  positive  f>ole  is  a 
small  piece  of  gas  carbon,  while  the  negative  pole  k  an  iron  wire 
the  thickness  of  a  knitting-needle.  In  a  few  minutes  the  metal  col- 
lects around  this  wire,  and  when  it  has  attained  the  size  of  a  pea, 
and  before  it  becomes  so  large  as  to  rise  to  the  surface,  it  is  lifted 
out  by  a  spoon-shaped  iron  spatula,  and  cooled  under  naphtha. 

Properties. — Lithium  possesses  the  silver-white  lustre  of 
sodium  and  potassium,  but  does  not  tarnish  by  oxidation  so  easily 
as  they  do.  It  is  the  lightest  of  all  known  solids,  having  a  specific 
gravity,  according  to  Bunsen,  of  0.5891  to  0.5983.  It  floats  on 
ordinar>'  petroleum,  and  can  only  be  presented  under  the  lightest 
gasoline. 

When  heated  to  iSo^  lithium  melts,  and  at  a  higher  temperature 
ignites,  and  burns  with  a  brilliant  red  flame.  In  contact  with 
water  it  does  not  oxidize  so  actively  as  sodium,  as  not  sufficient 
hoal  IS  evolved  to  melt  it.  Most  of  the  adds  act  on  it  slowly. 
but  cvMiccntratcd  nitric  acid  attacks  it  with  explosive  violence. 


LITHIUM.  3Si 

COMPOUNDS  OF  LITHIUM. 

.ZLUhium  Chloride,  LiCL— This  salt  is  usually  prepared  by 
dissolving  the  carbonate  in  hydrochloric  acid,  or  it  is  made  di- 
recrtly  from  petalite  as  described  under  the  metal.  When  the 
ac|u.coiis  solution  is  evaporated  slowly  over  sulphuric  acid  at 
ordinary  temperatures,  the  salt  is  obtained  in  octohedra.  It  is 
ve  jry  soluble  in  water,  being  one  of  the  most  deliquescent  salts 
lcn.own.  It  is  soluble  in  alcohol  and  in  a  mixture  of  absolute 
hoi  and  ether.  Lithium  chloride  fuses  at  a  low  red  heat,  and 
higher  temperature  is  slowly  volatilized.  On  evaporating  its 
cous  solution  to  dryness,  the  salt  is  slightly  decomposed,  hy- 
rhloric  acid  being  given  off,  and  the  residue  becoming  alkaline. 
Uhium  Bromide,  LiBr.  Lithii  Bromidum,  U.  S.  P.— This 
is  obtained  by  neutralizing  hydrobromic  acid  with  lithium  car- 
'i^ate.  It  occurs  as  a  white,  granular,  crystalline  powder,  odor- 
,  and  with  a  sharp,  slightly  bitter,  saline  taste,  and  a  neutral 
tion.  It  is  soluble  in  0.6  part  of  water  at  15®,  and  in  0.3 
of  boiling  water,  very  soluble  in  alcohol,  and  soluble  in 
T.  On  the  application  of  heat,  lithium  bromide  melts  at  low 
;,  and  at  a  higher  temperature  is  slowly  volatilized. 


-Ciihium  Oxide,  Li^O,  is  formed  when  the  metal  is  burned  in  air.  It  is 
P'^epared  by  heating  the  nitrate  to  redness  in  a  silver  basin.  It  forms  a 
^hiie,  crystalline  mass,  which  dissolves  in  water  with  the  formation  of 
^e  hydrate,  LiOH.  The  latter  behaves  in  many  respects  like  sodium 
**  yd  rate,  but  is  less  energetic. 

-A^rfiw/  Lithium  Sulphate,  Li2S04.  HjO,  is  formed  in  the  decomposi- 
tion of  petalite,  or  other  lithia  mineral,  as  described  under  the  metal,  or 
dilute  sulphuric  add  is  neutralized  with  lithium  carbonate.  It  crystal- 
"^es  in  thin  monoclinic  plates,  and  is  easily  soluble  in  water  and  in  alco- 
*^oI.     The  acid  salt,  LiHS04,  is  also  known. 

^^^<mble  Pcftassium  and  Lithium  Sulphate,  KLiS04,  is  obtained  by  dis- 
ing  the  molecular  weight  of  each  salt  in  water,  mixing,  and  allowing 
**^  Crystallize,  when  rhombic  crystals  of  the  double  salt  separate  out. 

-lithium  Phosphate,  Li8P04,  is  quite  insoluble  in  water,  which  gives  it 
*^»*^€  anal>tical  interest,  since  lithium  salts  are  thereby  separated  from 
™^  other  alkaline  metals. 

^i^ormal  Lithium  Carbofiate,  LijCOg.  Lithii  Carbonas,  U.  S. 

*^ On  account  of  its  sparing  solubility  in  water,  this  salt  differs 

^Qn:i  the  carbonates  of  sodium  and  potiussium.     It  rather  forms 
^^  Connecting  link  between  this  group  of  metals  and  the  next,  con- 
***ting  of  calcium,  strontium,  and  barium,  whose  carbonates  it 
^'^^embles. 
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Lithium  carbonate  may  be  prepared  by  precipitation  of  asohibk 
salt,  like  the  sulphate  or  chloride,  with  sodium  or  iunmoiuum 
carbonate,  and  boiling.  It  is,  however,  prepared  from  its  source, 
lepidoUte,  by  powdering  and  heating  the  mineral  and  then  digest- 
ing with  sulphuric  acid.  The  mass  with  the  add  is  gently  heatai, 
and  the  cooled  product  extracted  with  water.  The  aqueous  solu- 
tion is  boiled  with  milk  of  lime,  by  which  iron  and  aluminum  are 
removed  ;  the  hltrate  from  them  consists  of  potas^um,  sodium,  and 
lithium  hydrates,  with  a  small  quantity  of  Hme  ;  the  latter  is  re- 
moved by  evaporating  to  dryness  and  dissolving  in  a  small  quan- 
tity of  hot  water,  by  which  a  solution  is  obtained  containing  the 
hydrates  of  the  alkahes ;  from  this  the  lithium  carbooate  is  pre- 
cipitated by  boiling  with  anunonium  carbonate. 

This  may  be  purified  by  suspending  i  part  of  the  carbonate  in 
3o  )Ktrts  of  water  and  effecting  ^udon  by  saturating  with  carbon 
dioxide,  which  forms  the  bicaibonaie.  LiHCO, ;  after  filtering,  the 
solution  is  boiled,  wfaeneby  a  pure  salt  is  thrown  down. 

Properties.— Lithium  carbonate  is  a  light,  white,  odories 
p«iwxlcr.  with  an  alkaline  taste  and  rcactioa.  It  is  permanent  in 
the  air ;  soluble  in  80  pans  of  water  at  15"  and  in  140  pans  of 
boiling  mter.  insQlufale  in  dcoboL  On  the  ^ipbcaiioa  of  a  tem- 
l^etmtore  if)|]fXNkckuig  redocss.  EtfaiiMa  carbofme  mdls,  and  gives 
off  sooK  aubon  Aoxide ;  when  this  melted  mass  cools,  it  Ibnns 
•  cfystaKne  nsss  of  GiUbb  cartonne  and  oxide.  The  carbon- 
Me  is  (dm  sonrrtat  iVrnMpnnrd  when  its  aqneous  solution  is 
boikd  for  a  Vang  l»^  catfaoa  dionde  esofiag  and  Ikfahim  hy- 
dnR  beiMg  MinMiL 

!;  LiHCO^  B  vac  kacNra  CKXpt  in  aqoeous 


Ums.— TV  sdttorilUM  hn> 
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■Ao  vae  cUcAy  becattse 
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(ncr  the  other 
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FtepMatian.— Bunsen  recommi^ded  the  saline  residue,  after  the  prep- 
aration of  lithium  from  lepidolite,  as  a  source  for  rubidium  salLs.  The 
nxbidium  precipitate  with  platinum  is  more  insoluble  than  that  of  potas- 
sium; the  latter  is  separated,  therefore,  by  repeated  boiling  of  the  mixed 
platinum  precipitates  with  small  quantities  of  watci.  The  rubidium  com- 
r>«=>ajiKl  is  reduced  by  hydrogen,  when  a  chloride  is  obtained,  which  fur- 
nas^liesastarting-point  for  the  other  salts.  The  metal  is  obtained  by  the 
s^n^e  process  used  in  preparing  potassium, — namely,  by  distillation  of  the 
*^t»  ^Krred  tartrate. 

^F^npeniea. — Rubidium  is  a  silver-white  metal,  which  has  a  waxy  con- 
^'^tence  as  low  as  — io°.  Its  specitic  gravity  is  1.52,  and  it  melts  at  38,5°. 
^^s:l.oBra  red  heat  it  gives  ofT  a  bluish  vapor.  When  exposed  to  the  air  it 
^'^  *^ames  spontaneously,  and  when  thrown  on  water  acts  energetically,  de- 
*^*^**"*iposing  the  latter,  burning  with  a  violet  flame. 

SALTS  OF  RUBIDIUM. 
^(any  of  these  salts  have  been  prepared,  and  found  to  closely  resemble 
^•^^ise  of  potassium,  with  which  they  are  isomorphous. 

~Xhdr  behavior  in  the  colorlessHameisvery  similar  to  that  of  potassium, 

■^^  Rame  being  a  trifie  redder.     The  flame  spectrum  exhibits  two  char^ 

^■*^*«tistic  lines  in  the  violet,  which  forms  the  most  certain  means  of  de- 

*^^<:tii^  rubidium  salts,     Bunsen  stated  that  he  could  detect  o.ooa  milli- 

tt*~^unme  by  this  reaction. 

CMSWM. 
Symbol,  Ca.  Atomic  U'eigkl,  iji-7.  Valence,  I. 

Xiiitory. — Caesium,   like  rubidium,  was   discovered  by  Bunsen  and 
ICirchhoffby  means  of  the  spectroscope.    This  occurred  in  1S60. 

OccuTTCDce. — Cssium  is  widely  distributed  in  nature,  but  in  small 
quantity,  the  largest  quantity  being  in  the  mineral  pollux,  found  in  the 
island  of  Elba ;  Jt  was  found  to  contain  32  per  cent,  of  caesium  \  this  min- 
eral has  also  been  found  at  Hebron,  Maine,  under  the  name  oK  polliuite. 
C^saxm  is  also  found  in  many  mineral  springs,  but  not  in  the  ashes  of 
plaxits,  as  it  is  claimed  that,  in  the  absence  of  potassium  compounds, 
caesium  acts  as  a  poison  towards  plant  life. 

pTtpuatloti. — Oesium  does  not  appear  to  be  so  easily  prepared  as 
rubidium.  Electrolysis  of  its  cyanide  has  been  attended  with  some  suc- 
cess. Fusion  of  the  hydrate  with  metallic  aluminum  has  been  attended 
with  belter  results. 

Pn»pertie».— Oeaum  is  a  silver-white,  very  soft  metal,  melting  at  26.  "i", 
•ikI  having  a  specific  gravity  of  1.8S.  It  inflames  on  exposure  to  the  air, 
■■•d  is  the  most  electro-positive  metal  known. 

SALTS  OF  CESIUM. 
*^i«  salts  of  this  metal  closely  resemble  those  of  rubidium  and  potas- 
■*».    They  color  the  flame  still  more  reddish,  form  a  double  salt  with 
i  react  ^milarly  with  other  reagents.    The  metal  was  dis- 
characteristic  sjiectnim,  which  consists  of  two  intense 
Mie  less  intense  orange-red  line. 


CHAPTER  II. 

THE  ALKALINE  EARTH  GROUP. 

The  alkalise  eanh  metals  are  Calcium,  Strontiam.  and 
Barium ;  ihey  resemble  the  alkalies  in  part,  and  sdll  bear  some 
re5en:bl.u:ce  to  the  earths  like  alumina.  The  hvdrates  of  this 
y:TV»up  rese":b'.e  ihose  of  the  alkalies,  althougii  not  so  soluble 
in  wdter.  bu:  ihe  cArb»:na:es,  sulphates,  and  phosphates,  unlike 
those  s^is  •::'  ihe  alkalies,  are  ins^'luble  :n  water. 

The  r.:etals  : :'  the  alkaline  earths  >jsse5S  a  distinct  lustre  and  a 
white  :r  colien-yell:w  c:l-:-r.  They  do  not  change  so  rapidly 
when  e-\y«:>ei  ::  the  air  as  the  ntetals  c-f  the  alkali  group.  The 
oxides  cf  these  n:etals  are  white  in  c:l:-r.  and  p>55ess  many  prop- 
erties rer-L-ar  ::  the  ear±.s-  They  are  n:t  aSezted  by  high  tem- 
ryrramris^  and  are  n:c  reiure-i  hv  hvirz^ren  or  carbon  under 
these  cirr-intjcan^fs.  The  metals  are  hea-.-ler  than  water,  and 
der^^:  ni7«:se  .t  a:  :ri_nary  tetir^iramres.  hct  not  so  energetically 
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7",  " v:  .  \  .-  •><  ;:c:. :-■;-.-  :  7:1  -^  -t  :>:.f  ry  the  eiectnJ- 
x^.-^  /*  .-:  ,■  ,  *  — ■:  -  :^:  .-i^s:  rrrf  :l"  trrfrrmy  :  an  amalgam 
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^,  in  a  comparatively  pure  condition,  but  many  other  min- 
ej-fi.  Ji3  contain  the  carbonate  as  one  of  the  constituents.  The  most 
at>u««ndant  of  these  is  dolomite,  a  magnesian  limestone,  which 
ijcntly  forms  whole  mountain  ranges. 

silcium  fluoride  or  fluor-spar,  CaFj,  is  found  in  considerable 

x^tities  throughout  the  globe;  the  chloride,  CaClj,  occurs  in 

'^^vater  and  in  many  mineral  springs.     The  sulphate  is  found  in 

t^^  ^s     sinhydrous  condition  as  anhydrite,  CaS04,  or  in  the  hydrated 

foarnr^  as  selenite  or  gypsum,   CaS04.2HjO.     The  phosphate  is 

fc^'*^  *^<1,  with  chloride  or  fluoride,  in  apatite  and  osteolite.     Nearly 

^^^      siilicates  contain  a  considerable  proportion  of  calcium.     Cal- 

dvarri  in  some  form  is  a  constituent  of  all  plants  and  animals.     If 

^^P>irived  of  it  they  die,  since  they  will  admit  of  the  replacement 

^^    other  elements,  like  magnesium,  to  a  limited  extent  only. 

CTailcium  has  also  been  detected  in  meteorites,  in  the  sun,  and 
^^^  Some  fixed  stars. 

^reparation. — The  metal  calcium  is  prepared  by  electrolysis 

^^  tile  fused  chloride,  or  it  may  be  obtained  by  heating  in  a  closed 

^'^on  crucible  i  part  of  sodium  with  7  parts  of  fused  calcium  iodide, 

The   temperature  is  first  raised  to  a  dull  red  heat  and  then  to 

^^ght  redness.     It  has  also  been  prepared  by  strongly  heating  a 

'fixture  of  3  parts  of  calcium  chloride,  4  parts  of  zinc,  and  i  part 

^^  sodium  ;  an  alloy  of  zinc  and  sodium  results,  which  is  heated 

*^  a  crucible  made  of  gas-carbon  until  the  zinc  volatilizes  ;  the 

^^cium  remains  in  the  form  of  a  button. 

Properties. — Calcium  is  a  yellow,  lustrous,  tough,  and  mal- 
leable metal  It  is  about  as  hard  as  gold,  and  has  the  specific 
gravity  1.5778.  It  does  not  oxidize  readily  in  dry  air,  but  in 
'^oist  air  it  quickly  becomes  covered  with  the  hydrate,  the  action 
Srradually  extending  through  the  whole  mass.  Water  is  decom- 
P^>sed  by  calcium  at  ordinary  temperatures  with  violent  evolution 
P^  hydrogen ;  the  heat  developed,  however,  is  not  sufficient  to 
inflame  the  latter.  On  the  application  of  heat,  calcium  burns  in 
^e  air  with  a  very  brilliant  yellow  flame.  Dilute  nitric  acid  dis- 
^Ives  the  metal  with  such  energy  that  the  latter  sometimes 
inflames,  but  concentrated  nitric  acid  does  not  attack  it  until  the 
temperature  is  raised  to  the  boiling  point  of  the  acid. 

CALCIUM  AND  THE  HALOGENS. 

Calcium  Chloride,  CaCl,.  Calcii  Chloridum,  U.  S.  P.— This 
salt  was  first  prepared  by  Isaac  HoUendus,  in  the  fourteenth  cen- 
^wryt  who  des^^nated  it  by  the  title  sa/  ajnmoniacum  Jixum^  be- 
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cause  he  prepared  it  by  heating  a  mixture  of  sal  ammoniac  and 
Hme. 

It  is  found  in  sea  water  and  in  many  mineral  waters ;  it  also 
occurs  as  tachydrite  at  Stassfurt ;  this  is  a  compound  with  mag- 
nesium chloride,  having  the  formula  CaCla,2MgClg.  12H2O. 

Preparation.— Crude  calcium  chloride  is  a  by-product  in  sev- 
eral chemical  operations ;  for  example,  it  is  the  residue  in  the 
preparation  of  ammonia  from  ammonium  chloride  ;  it  is  obtained 
in  the  preparation  of  potassium  chlorate,  in  the  ammonia-soda 
process,  and  in  the  preparation  of  carbon  dioxide  from  limestone 
and  hydrochloric  acid.  For  many  uses  this  crude  product,  which 
is  in  aqueous  solution,  is  evaporated  to  dryness  in  an  iron  kettle, 
and  then  heated  until  it  melts.  The  product  is  sent  into  com- 
merce for  dehydrating  purposes  as  fused  calcium  chloride. 

Purified  calcium  chloride  is  made  by  nearly  saturating  hydro- 
chloric acid  with  marble,  adding  chlorine  water  to  oxidize  the 
iron  and  manganese  compounds,  and  precipitating  these  by  the 
addition  of  a  slight  excess  of  milk  of  lime  (calcium  hydrate). 
The  clear,  filtered  solution,  which  is  slightly  alkaline,  is  carefully 
neutralized  with  hydrochloric  acid.  This  solution  is  then  evap- 
orated to  the  crystallizing  point  or  to  dryness,  according  to  the 
uses  to  which  it  is  to  be  applied. 

Properties. — The  crystallized  salt  occurs  in  large,  hexagonal 
prisms,  having  the  composition  CaClj-SHjO.  On  the  application 
of  heat  it  melts  at  29°.  These  crystals  rapidly  deliquesce  on 
exposure  to  the  air,  forming  a  thick,  oily  liquid,  formerly  known 
as  oleum  caicis. 

When  the  crystals  dissolve  in  water  a  considerable  fall  in  tem- 
perature takes  place.  A  temperature  of  — 48°  is  obtained  by 
mixing  i\  parts  of  the  crystals  with  i  part  of  snow.  When 
heated  to  200°,  or  when  kept  for  some  time  over  concentrated 
sulphuric  acid,  the  crystals  lose  4  molecules  of  water  of  crystal- 
lization, a  white  powder  resulting,  which  possesses  energetic 
dehydrating  properties.  Above  200°  the  remaining  2  molecules 
of  water  are  driven  off,  and  at  720®  the  salt  becomes  anhydrous. 

The  official  salt  is  directed  to  be  *  *  calcium  chloride,  rendered 
anhydrous  by  fusion  at  the  lowest  possible  temperature.*'  It  is 
described  as  occurring  in  **  white,  slightly  translucent,  hard  frag- 
ments, odorless,  having  a  sharp,  saline  taste,  and  very  deliques- 
cent." 

The  anhydrous  salt  is  soluble  in  1.5  parts  of  water,  and  in 
parts  of  alcohol  at  15°,  in  1.5  parts  of  boiling  alcohol,  and 
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freely  soluble  in  boiling  water ;  it  is  insoluble  in  ether.  Since  the 
aqueous  solution  is  used  for  maintaining  a  temperature  above  that 
of  boiling  water,  it  is  useful  to  know  the  boiling  point  of  such  a 
solution ;  that  containing  50  parts  of  the  anhydrous  salt  in  100 
of  water  boils  at  112°,  that  containing  200  per  cent,  of  the  salt 
boils  at  158°,  and  that  containing  325  per  cent  boils  at  180°. 

The  pure  salt  dissolves  in  water  without  residue,  and  has  a 
neutral  reaction.  If,  however,  it  be  kept  at  or  above  the  fusing 
point  for  some  time,  a  slight  decomposition  takes  place,  so  that  it 
leaves  a  residue  insoluble  in  water,  and  the  solution  has  a  faintly 
alkaline  reaction. 

Uses. — Calcium  chloride  has  some  use  in  the  laboratory  as  a 
reagent,  but  its  chief  value  is  as  a  desiccating  agent,  in  the  dr>'ing 
of  gases,  and  in  the  concentration  of  liquids.  Its  solution  is 
valuable,  as  above  stated,  for  use  in  water-baths,  where  it  is  de- 
sired to  maintain  a  constant  temperature  above  that  of  boiling 
water. 

Calcium  Bromide^  CaBr^  Calcii  Bromidum,  U.  S.  P.— 
Like  the  preceding  salt,  calcium  bromide  is  found  in  certain 
mineral  waters. 

It  is  prepared  by  neutralizing  hydrobromic  acid  with  marble, 
adding  bromine  water  to  oxidize  iron  and  manganese  compounds, 
and  precipitating  these  by  the  addition  of  a  slight  excess  of  milk 
of  lime.  The  solution  is  filtered,  and  the  filtrate  carefully  neu- 
tralized with  hydrobromic  acid.  The  resulting  solution  is  then 
evaporated  to  dryness  and  carefully  heated  to  680°,  whereby  an 
anhvdrous  salt  is  obtained. 

The  Pharmacopoeia  directs  that  the  anhydrous  salt  be  em- 
ployed. In  this  state  it  occurs  as  white,  granular,  very  deliques- 
cent salt,  without  odor,  and  with  a  sharp,  saline  taste.  At  15°  it 
is  soluble  in  0.7  part  of  water,  and  in  i  part  of  alcohol ;  at  the 
boiling  point  these  liquids  dissolve  it  freely.  At  680°  the  salt 
melts,  above  that  temperature  it  is  slowly  decomposed  with  loss 
of  bromine.     The  aqueous  solution  is  neutral  to  litmus  paper. 

Uses. — The  principal  use  of  this  salt  is  in  medicine.  It  is 
supposed  to  have  some  advantages  over  the  other  bromides. 

Calcium  Iodide,  Calj.  is  prepared  like  the  bromide,  which  it  resembles 
in  many  particulars.  Both  salts  are  so  extremely  deliquescent  that  con- 
siderable care  is  necessar>'  in  order  to  keep  them  in  the  solid  stattr. 

Calcium  Fluoride,  CaFg,  under  the  name  of  fluor-spar,  occurs  quite 
abundantly  in  nature.  It  is  found  especially  in  the  limestone  caves  of 
the  Castleton  Valley  in  Derbyshire,  England  ;  considerable  quantities  are 
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also  found  in  Saxony.     It  occurs  in  cubes  and  octohedra,  and  in  some 

other  fotms  belonging  to  the  regular  system. 
It  is  also  found  in  the  ashes  of  some  plants,  in  bones,  in  the  enamd  of 

the  teeth,  and  in  sea  water  and  mineral  sprir^. 

In  the  pure  condition  caldum  fluoride  is  colorless,  but  it  is  much  oAcikt 

of  a  violet,  blue,  red,  green,  or  brown  color,  owing  to  the  presence  or 

small  quantities  of  impurities.     At  a  red  heat  calcium  fluoride  fuses 

without  demmpositiun ;  while  hot  it  phosphoresces  in  the  dark- 
Fluor-spar  is  extensively  employed  as  a  flux  in  many  metallurgical 

operations,  and  the  liner  masses  of  crj'slals  are  made  into  vases  and 

other  ornaments. 


CALCIUM  AND  OXYGEN. 
Calcium  Monoxide,  CaO.  Calx,  U.S. P. — Lime  is  prepared 
by  beating  calcium  carbonate.  If  a  pure  carbonate  is  used  a 
correspondingly  pure  product  results.  In  a  small  viray  this  is  ac- 
complished by  heating  calc-spar  or  a  pure  marble  in  a  cnidble 
with  a  hole  in  the  bottom  in  order  that  the  fiimace  | 
pass  through  and  carr>'  olf  the  carbon  dioxide. 


CaCO, 


CaO 


CO^ 


ise^^^l 


On  a  commercial  scale  lime-kilns  are  used.  These  were  for- 
merly constructed  so  as  to  be  hlled  with  limestone  and  tiiel  in 
alternate  layers.  Fire  was  then  started  at  the  bottom,  and  the 
temperature  regulated  by  the  air-supply  below.  Such  a  fiimace, 
howe\er,  could  only  be  emptied  when  cool.  At  the  present  time 
continuous  furnaces  are  much  more  used.  Such  a  one  is  shown 
in  Fig.  66.  It  is  built  on  the  slope  of  a  hill,  so  as  to  bring  the 
door  at  the  top  on  a  le^-el  with  the  ground  to  facilitate  the  intro- 
duction of  the  limestone.  The  heat  is  supplied  by  two  fires, 
F,  F,  the  finished  product  is  removed  at  D.  Fig.  67.  Fig.  66 
shows  a  section  cut  parallel  with  the  side  of  the  hill,  while  Fig.  67 
shovrs  a  section  cut  at  right  angles  to  thi.'s,  by  which  the  draw-hole 
D  is  shown.  These  fiimaces  are  used  in  the  well-known  hme 
districts  of  Chester  \'alle}-,  near  Philadelphia.  At  the  ordinary- 
pressure  of  the  atmosphere,  a  temperature  of  812°  \s  required  for 
the  dissociation  of  limestone,  but  in  practice  a  temperature  of 
925"  is  usually  employed.  If  the  limestone  contain  much  mag- 
nesia it  is  liable  to  sinter  and  form  a  semi-fused  mass,  so  tbut  in 
burning  this  variety-  a  lower  heat  must  be  maintained.  Coal  is 
the  chief  fuel  used  at  the  present  time,  although  formerly  much 
wood  was  employed. 
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Properties. — Pure  lime  occurs  in  white,  amorphous  masses. 
It  often  contains  iron,  and  consequently  is  of  a  grayish  or  yel- 
Jo'^wish  shade  of  color.  When  exposed  to  the  air  it  gradually 
absorbs  moisture  and  carbon 


Fig.  66. 


dioxide,  and  crumbles  to  a 
wliiEc  powder.  Lime  is  with- 
out odor,  but  has  a  sharp, 
caustic  taste.  It  is  soluble  in 
about  750  iiarts  of  water  at 
the  ordinary  temperatures, 
and  in  1300  parts  of  boiling 
watpr ;  insoluble  in  alcohol. 
It  is  not  affected  by  the  high- 
est degrees  of  heat,  but  the 
oxvhydrogcn  flame  causes  it 
to  emit  an  intense  white  light. 

When  lime  is  treated  with 
about  one-third  its  weight  of 
water,  added  drop  by  drop,  it 
gradi;ally  becomes  hot,  swells 
tu  about  twice  its  bulk,  and 
then  falls  to  a  white  powder. 

The  solubility  and  some  of 
the  other  properties  of  lime 
are  closely  associated  or  iden- 


tical with  those  of  calcium  hydrate,  since,  in  the  presence  of  water, 
the  oxide  is  first  converted  into  hydrate. 

Calaunt  Hydrate,  Ca(OH)„  Calcium  Hydroxide.— VJhtn  lime 
b  treated  with  one-third  its  weight  of  water,  as  stated  above,  the 
product  is  calcium  hydrate.     Considerable  heat  is  developed  in 
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this  operation :  where  the  proportions  are  carefully  adjusted  a 
temperature  of  150°  is  easily  attained.  The  reaction  involved  in 
the  formation  of  the  hydrate  is  as  follows  : 

CaO    -r    HjO    =    Ca(OH)a. 

The  resulting  product  is  a  fine,  white,  impalpable  powder.  Its 
solution  in  water  forms  Liquor  Calcis,  U.  S.  P.,  or  lime  water. 
This  solution  has  a  saline  and  somewhat  caustic  taste  and  an  alka- 
line reaction.  On  boiling  it  becomes  turbid,  owing  to  the  lesser 
solubility  of  the  hydrate  in  hot  than  in  cold  water.  When  the 
clear  solution  is  exposed  to  the  air,  a  pellicle  forms  on  the  sur- 
face, due  to  the  formation  of  calcium  carbonate,  resulting  from 
the  absorption  of  carbon  dioxide  from  the  atmosphere.  Calcium 
hydrate  may  be  obtained  by  adding  sodium  or  potassium  hydrate 
to  a  concentrated  solution  of  calcium  chloride. 

Cr^'stals  of  calcium  hydrate,  jn  the  form  of  tablets  or  small 
prisms,  may  be  obtained  by  evaporating  the.  clear  solution  of  lime 
water  in  a  vacuum  over  sulphuric  acid. 

Milk  of  lime  is  a  mixture  of  calcium  hydrate  and  water.  It 
may  be  made  of  any  desired  strength  by  agitating  the  freshly- 
slaked  lime  with  water. 

Uses. — Calcium  oxide,  and  therefore  also  the  hydrate,  is 
largely  used  as  a  laboratory  reagent.  The  oxide  finds  much  use 
as  a  desiccating  agent  for  gases.  The  hydrate  is  cofisiderably 
employed  in  medicine.  The  hydrate  is  largely  used  in  the  man- 
ufacture of  mortar. 

Mortars  and  Cetnents, — ^When  fi-eshly  slaked  lime  of  the  con- 
sistence of  paste  is  mixed  with  an  equal  volume  of  water,  and 
then  3  to  4  times  as  much  sand  is  added  as  there  was  lime  em- 
ployed, the  result  is  mortar. 

The  process  of  hardening  which  mortar  undergoes  is  caUed 
•*  setting."  This  setting  is  sufficiendy  complete  in  a  few  days  to 
give  stability  to  a  structure  in  which  it  is  employed,  but  the  hard- 
ening process  continues  for  years.  The  peculiar  action  of  mortar 
appears  to  be  due  to  loss  of  water  and  subsequent  absorption  of 
carbon  dioxide,  rather  than  to  the  formation  of  calcium  silicate. 
The  value  of  a  mortar  depends  to  a  great  degree  upon  the  thor- 
ough mixing  of  the  ingredients  in  the  process  of  manu&cture. 
The  nature  of  hydraulic  cements  will  be  explained  under  *•  Clays" 
in  the  section  on  alumina. 

Calcium  Dioxidt\  CaOg,  is  prepared  by  precipitating  lime  water  witli 
hydrogen  dioxide.    This  precipitate  has  the  composition  CaOt.8H^; 
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it  is  crystalline,  the  crystals  being  in  quadratic  tables  or  prisms  ;  they  are 
a/most  insoluble  in  water  and  insoluble  in  alcohol.  The  cr>'stals  effloresce 
when  exposed  to  the  air,  and  at  130®  lose  all  their  water,  becoming  anhy- 

droxis  ;  at  higher  temperatures  they  give  off  half  of  their  oxygen  without 

und^irgoing  fusion. 

<3:>CYGEN   SALTS  OF  CALCIUM  AND  THE   HALO- 
GENS. 

CTiO^Icium  Hypochlorite,  Ca(OCl)a,  is  prepared  in  a  state  of  purity 
wit:!^   great  difficulty  ;  a  commercial  preparation  in  which  it  enters 
is    >vell  known,  however,  as  Calx  Chlorata,  U.  S.  P.,  or  chlo- 
fiTM-ct^^d  linUy  chloride  of  Ivne,  bleaching  powder,  bleach,  etc. 

CZHlorinated  lime  was  first  prepared  on  a  commercial  scale  by 
T^nnant,  of  Glasgow,  in  1798.     By  some  it  is  considered  to  be 
calcium  chloro- hypochlorite,  having  the  formula  Ca(OCl)Cl,  by 
otViers  it  is  thought  to  be  a  mixture  of  calcium  hypochlorite  with 
calcium  chloride,  having  the  formula  Ca(C10)aCaCla.2H20,  and 
containing  variable  quantities  of  calcium  hydrate.     The  former 
vie>v,  first  proposed  by  Odling,  seems  to  have  been  most  gen- 
erally adopted. 

Preparation, — This  important  substance  is  prepared  in  enor- 
mous quantities  in  conjunction  with  alkali  works.     The  chlorine 
^  derived  from  the  waste  hydrochloric  acid  of  the  Leblanc  pro- 
<^^ss,  or  from  the  decomposition  of  magnesium  chloride  by  steam 
^  the  ammonia-soda  process  (see  pages  133  to  136).     The  lime 
^  a  finely  powdered  and  sifted  dry  calcium  hydrate.     It  is  placed 
11^  chambers  of  stone,  or  iron  covered  with  asphalt,  to  the  depth 
^^  4  or  5  inches.     The  chambers  are  usually  60  feet  long,  18  feet 
^ide,  and  7  feet  high.     They  are  filled  with  chlorine  and  allowed 
^^  remain  closed  for  about  two  days,  when  the  gas  is  absorbed, 
^^d  they  are  opened  and  the  powder  is  turned.     Chlorine  is 
^gain  run  in  and  allowed  to  remain  for  another  period  of  two 
^ys,  when  it  is  usually  found  that  the  lime  contains  from  36  to 
37  per  cent,  of  available  chlorine.     Occasionally  a  third  absorp- 
tion is  resorted  to,  but  this  is  not  often  necessary,  except  in  hot 
^^ather,  when  the  reaction  is  less  rapid.    Usually  a  series  of  these 
^*^mbers  are  located  near  together  so  that  the  excess  of  chlorine 
^^y  be  passed  from  one  to  the  other.     In  some  other  cases  a 
^^'^es  of  shelves  are  arranged  in  a  single  chamber,  and  the  con- 
^^tsof  each  shelf  are  removed  as  saturation  is  completed. 

The  reaction  involved  in  the  production  of  bleaching  powder 
^  considered  to  be  as  follows  : 
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Ca(OH)a 

+        CI, 

=        CaOClj        + 

H,0. 

Calcium 

Chlorine. 

Calcium 

Water. 

Hydrate. 

Chloro-hypochlorite. 

Properties. — Chlorinated  lime  is  officially  described  as  **a 
white,  or  grayish-white,  granular  powder,  exhaling  the  odor  of 
hypochlorous  acid,  having  a  repulsive,  saline  taste,  and  becoming 
moist  and  gradually  decomposing  on  exposure  to  air. ' ' 

It  is  only  partly  dissolved  by  water  or  alcohol  ;  the  aqueous 
solution  first  colors  red  litmus  paper  blue,  and  then  bleaches  it. 
It  is  decomposed  by  weak  acids  with  evolution  of  chlorine,  and 
at  elevated  temperatures  dry  carbon  dioxide  will  decompose  it. 

The  Pharmacopceia  requires  that  chlorinated  lime  shall  contain 
not  less  than  35  per  cent,  of  available  chlorine.  Much  of  it 
comes  in  commerce  packed  in  sealed  paper  boxes,  coated  on  the 
inside  with  a  water-proof  material,  so  that  the  powder  maintains 
its  original  strength  satisfactorily  until  opened.  In  moist  air  it 
rapidly  deteriorates  when  exposed. 

Calcium  hypochlorite  may  be  obtained  in  crystals  by  allowing 
an  aqueous  solution  of  chlorinated  lime  to  evaporate  in  a  vacuum 
over  sulphuric  acid  ;  these  have  the  composition  Ca(0Cl),.4H,0, 
and  very  readily  decompose.  The  fact  that  the  hypochlorite  is 
present  in  aqueous  solution  is  explained  by  the  supposition  that 
calcium  chloro-hypochlorite  is  decomposed  by  water  as  follows  : 


2CaOCla        = 

CaClg 

+ 

Ca(OCl),. 

Calcium 

Calcium 

Calcium 

Chloro-hypochlorite. 

Chloride. 

Hypochlorite. 

The  chloro-hypochlorite  is  acted  on  by  acids  with  the  produc- 
tion of  chlorine  according  to  the  following  : 


CaOCl,      -f 

Hj,S04      = 

=      Ca.S04 

4- 

H,0 

+    ci^ 

Calcium 

Sulphuric 

Calcium 

Water. 

Chlorine 

Chloro-hypochlorite. 

Acid. 

Sulphate. 

On  this  last  reaction  depends  the  value  of  chlorinated  lime  in 
the  bleaching  industry. 

The  process  of  bleaching  by  free  chlorine  is  one  of  oxidation  ; 
it  combines  with  hydrogen  to  form  hydrochloric  acid,  while  the 
liberated  oxygen  in  the  nascent  state  readily  attacks  coloring 
matters,  water  and  a  colorless  compound  resulting. 

Uses. — Chlorinated  lime  is  used  most  extensively  for  bleach- 
ing purposes  ;  it  is  very  largely  employed  as  a  disinfecting  agent,   , 
and  is  undoubtedly  one  of  the  best  substances  for  this  purpose. 
Where  chlorine  is  desired  in  the  free  state  chlorinated  lime  form.-'^ 
one  of  the  most  convenient  and  economical  means  of  obtaining  it^. 
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the  simple  addition  of  a  dilute  acid  being  sufficient  to  produce  it 
in  liberal  quantity,  according  to  a  reaction  given  above. 

CTSalcium  Chioraie^  Ca(C103)2,  is  prepared  by  passing  chlorine  into  hot 

mil  Ic  of  lime,  or  solutions  of  calcium  silicofluoride  and  potassium  chlorate 

ar<^    mixed,  when  potassium  silicofluoride  cr>'stallizes  out,  leaving  the  cal* 

ciuni  chlorate  in  solution,  and  the  latter  is  cr>'stallized  from  the  ver\' 

concrentrated  solution.    Calcium  chlorate  is  a  very  deliquescent  salt,  and 

is  CTT-ystallized  with  considerable  difficulty.    The  cr>'stals  contain  2  mole- 

c"l^s  of  water  of  crystallization. 

^I4aicium  BrofnaU,  Ca(Br03)9.HaO,  and  Caicium  lodaU,  Ca(103)a.- 
^1~1^0,  are  also  known. 

CALCIUM  AND  SULPHUR. 

dalcium  Monosulphidey  CaS. — In  1750  Marggraf  noticed  that 
^His    substance  had  the  property  of  remaining  luminous  in  the 
after  it  had  been  exposed  to  bright  light.     It  is  obtained  by 
:ing  calcium  sulphate  with  powdered  charcoal,  or  it  may  be 
prepared  by  leading  the  vapor  of  carbon  disulphide  and  carbon 
dioxide  over  incandescent  lime. 

Calx  Sulphurata,  U.  S.  P.  (Sulphurated  Lime),  is  a  crude 
calcium  sulphide,  prepared  by  taking  70  parts  of  dried  calcium 
sulphate,  10  parts  of  charcoal,  and  2  parts  of  starch.  The  ingre- 
dients are  mixed  thoroughly,  packed  in  a  loosely  covered  cruci- 
ble, and  heated  to  bright  redness  until  the  mass  loses  its  black 
c^lor.  After  the  crucible  cools  the  product  should  be  reduced  to 
*  fine  powder,  and  at  once  transferred  to  small,  glass-stoppered 
vials. 

The  pure  calcium  sulphide  occurs  in  white  masses.  The  offi- 
^*al  product  is  described  as  **a  pale  gray  powder,  exhaling  a 
^*nt  odor  of  hydrogen  sulphide,  having  a  nauseous,  alkaline 
^*^te,  and  g^dually  decomposed  by  exposure  to  air.  Very 
^*Khtly  soluble  in  cold  water,  more  readily  in  boiling  water, 
^^hich  partially  decomposes  it ;  insoluble  in  alcohol." 

Sulphurated  lime  is  decomposed  by  dilute  acids  with  evolution 
^^  Hydrogen  sulphide,  even  acetic  acid  being  sufficiently  strong 
^^  eflect  this  change. 

\x,  has  the  property  of  being  phosphorescent  in  the  dark,  giving 
^^t  a  greenish,  bluish,  or  violet  light,  according  to  the  method 
^y  Mrhich  it  was  prepared. 

It  has  some  use  in  medicine,  and  may  be  employed  to  furnish 
*«^senic-frce  hydrogen  sulphide. 

GUtmm  Sklphydrate^  Ca(SH)s,  is  prepared  by  saturating  milk  of  lime 
hydrogen  sulphide : 

24 
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Ca(SH),      + 

Sulphydralc. 


Sulphide. 


It  is  known  only  in  solution,  and  Ls  employed  as  a  depilatory. 

Calcium  Disulphidt,  CaS,,  is  obtained  in  yelluw  crystab  when  milk  of 
lime  is  boiled  with  an  excess  of  sulphur,  and  the  filtered  solution  allowed 
to  cool.    These  cr>'slals  contain  3  molecules  of  water  of  cryslalUiation. 
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Ca/eium  Su/phiU,  CaSOg, 
chloride  and  sodium  sulphili 
soluble  in  800  parts  of  cold  ' 
allowing  its  solution  in  sulphi 
have  the  comfrosition  CaSOg 
sulphurous  acid  is  found  in 
lime ;  it  b  made  by  passing 
extensive  use  as  a  preservati 
cium  sulphite  is  employed  as 


is  precipitated  when  solutions  of  caldunt 
i  are  mixed,  It  occurs  as  a  white  powder, 
vater.  This  salt  is  obtained  in  crystals  by' 
irous  acid  to  stand  exposed  to  the  air;  they 
.aHgO.  A  solution  of  this  salt  in  excess  of  < 
commerce  under  the  name  of  biatlpkiU  a/' 
sulphur  dioxide  into  milk  of  time.  It  has 
ve  agent,  especially  among  brewers.  Cal-: 
a  preservative  by  cider-makers. 


Calcium  Sulphate,  CaSO,,  Gypsum, — This  compound  was- 
known  to  the  ancients  as  a  chalk-like  substance ;  likewise  the; 
property  which  the  dried  gypsum  possesses  of  hardening  whea< 
moistened  with  water.  Marggraf  determined  its  composition  is 
1780. 

Calcium  sulphate  is  found  native  as  anhydrite  associated  with' 
limestone,  or  crystallized  with  2  molecules  of  water  as  selenite.; 
Two  other  varieties  of  this  compound  are  known  as  satin  spar  oci 
fibrous  gypsum,  and  crystalHne  gypsum  or  alabaster. 

This  salt  may  be  preparetl  by  treating  calcium  carbonate,  mar- 
ble, or  limestone  with  sulphuric  acid  ;  it  is,  however,  rarely  man- 
ufactured in  this  way,  because  of  the  abundance  of  it  native,  and 
because  it  is  a  by-product  in  so  many  chemical  processes.  1 

Calcii  Sulphas  Exsiccatus,  U.  S.  P..  is  prepared  by  ca^e^ 
fully  drying  the  native  gypsum  undl  it  loses  three-fourths  of  iol 
water  j  it  then  contains  about  95  per  cent,  by  weight  of  calciuaf 
sulphate  and  5  per  cent,  of  water.  The  native  compound  has  » 
specific  gravity  of  2.31,  and  it  may  be  deprived  of  its  water  at  a 
temperature  of  iio^-izo".  When  thus  dried  it  is  commercially 
known  as  burnt  gypsum,  or  plaster  0/  Paris,  If  overheated— 
that  is,  above  200° — it  will  not  take  up  water  so  readily,  and  wiB 
not  harden. 

Properties. — The  official  compound  is  described  as  "a  fincii 
white  powder,  without  odor  or  taste.  From  moist  air  it  attract! 
water,  becomes  granular,  and  then  loses  the  property  of  harden^ 
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/ng-  with  water.     When  mixed  with  half  its  weight  of  water, 

Dried  Calcium  Sulphate  forms  a  smooth,  cohesive  paste,  which 

raj^idly  hardens.     It  is  soluble  in  about  410  parts  of  water  at  15^, 

in    388  parts  at  38°,  and  in  476  parts  at  100 \     In  alcohol  it  is 

Jtiisoluble.     It  readily  dissolves  in  dilute  nitric  or  hydrochloric 

acri<d,  also  in  saturated  solutions  of  potassium  nitrate,  sodium  hy- 

P<=>s5ulphite,  and  of  various  ammonium  salts.'*     When  calcium 

sii  1  p)hate  is  dissolved  in  hot  hydrochloric  or  nitric  acid  and  the 

^^^liJtion  is  allowed  to  cool,  it  separates  in  glittering,  silky,  acicu- 

^^K-     crystals.     On  heating  the  salt  with  sulphuric  acid  to  100°,  it 

*s    <3- hanged  to  a  porous  mass,  of  which  a  part  dissolves  and  sepa- 

s  out  again  on  cooling. 

XJseS| — Gypsum  is  used  in  large  quantities  as  a  fertilizer  ;  it 

some  use  as  a  cement,  is  employed  somewhat  in  surgery,  and 

lie  material  employed  in  making  plaster  casts  and  certain  kinds 

ornamental  work.     The  artificially  prepared  salt,  made  by  pre- 

itating  a  concentrated  solution  of  calcium  chloride  with  dilute 

^^^Iphuric  acid,  is  used  as  a  filling  for  writing-paper  under  the 

"^^ixie  o{  pearl  hardening  or  annaline. 

CTiiicium  Potassium  Sulphate^  CaS04K2S04.H20. — When  intimate 
^^ijctures  of  equal  weights  of  the  anhydrous  salts  are  stirred  into  less  than 
^■^^ir  weight  of  water,  the  mass  hardens  almost  immediately  ;  by  varying 
^He  proportion  of  water,  different  qualities  of  the  solidified  compound 
'^ay  be  obtained.  This  mixture  when  used  for  plaster  casts  yields  a 
'■^^aterial  which  possesses  a  polished  surface. 

C^icium  Sodium  Sulphate^  CaS04Na2S04,  is  found  native  as  a  mineral 
'^'^cier  the  name  of  glauberite.  The  artificially  prepared  compound  does 
*^ot  possess  the  same  property  of  setting  that  the  calcium  and  potassium 
^^^i^pound  does. 

Clh/cium  Thiosuiphatey  CaS208.6H20,  is  made  by  warming  a  mixture 
calcium  sulphate,  sulphur,  and  water.  It  forms  oblique,  six-sided 
P'^sms,  which  are  soluble  in  their  own  weight  of  water.  The  solution  is 
^^ocxnposed  at  a  temperature  of  60°,  sulphur  separating. 

Oxygen  salts  of  calcium  and  nitrogen. 

CZaldum  Nitrate ,  Ca(N03)2,  occurs  as  an  efflorescence  on  walls 
^*  stables  and  other  places  where  organic  matter  is  undergoing 
^^<^cmposition.  It  is  abundant  in  some  soils,  especially  that  of 
'^*^*'e  plantations. 

^  CZaldum  nitrate  is  prepared  by  dissolving  chalk  or  marble  in 

^J-tric  acid.     The  anhydrous  compound  is  formed  under  ordinary 

^^"Xiumstances,  but  when  the  aqueous  solution  is  allowed  to  evap- 

^'^te  very  slowly  over  sulphuric  acid,  crystals  are  formed  con- 
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taining  4  molecules  of  water  of  crystallization.  It  is  a  very  deli- 
quescent salt,  soluble  in  both  water  and  alcohol.  It  is  sometimes 
known  as  linie  saltpetre  or  wall  saltpetre.  This  salt  was  for- 
merly used  in  the  preparation  of  ordinary  saltpetre,  but  has  little 
use  at  the  present  time. 

OXYGEN  SALTS  OF  CALCIUM  AND   PHOSPHORUS. 

Calcium  Phosphate,  CajCPO^),.  Calcii  Phosphas,  U.  S.  P.— 
The  salt  of  this  formula  is  also  known  as  normal  calcium  ortho- 
phosphate  and  bone  phosphate.  It  is  found  native  with  calcium 
fluoride  in  the  minerals  apatite  and  phosphorite.  The  minerals 
osteoHte  and  sombrerite  are  impure  calcium  phosphates.  By  for 
the  most  extensive  occurrence  of  calcium  phosphate  is  in  what  is 
known  as  the  phosphate  rock  of  South  Carolina,  Florida,  and 
other  parts  of  the  Southern  United  States ;  it  is  also  found  in 
Canada.  This  rock  frequently  contains  as  much  as  90  per  cent, 
of  calcium  phosphate.  Bones  are  largely  composed  of  calcium 
phosphate ;  when  burned,  they  contain  from  80  to  85  per  cent, 
of  it. 

Preparation. — Calcium  phosphate  is  prepared  by  adding  cal- 
cium chloride  and  ammonium  hydrate  to  sodium  phosphate : 

aCaCla    +    2NH4OH    +    2(NaaHP04.i2HaO)    =    CaaCPO^),  -f 

Calcium  Ammonium  Sodium  Calcium 

Chloride.  Hydrate.  Phosphate.  Phosphate. 

2NH4CI    +    4NaCl    +    26HaO. 

Ammonium  Sodium  Water. 

Chloride.  Chloride. 

Properties. — Calcium  phosphate  precipitates  in  the  above 
reaction  as  a  white,  amorphous  powder  ;  it  is  odorless  and  taste- 
less, and  permanent  in  the  air.     It  is  almost  insoluble  in  coi 


water ;  decomposed  by  boiling  water  into  an  insoluble  basic  salt,.«. 
and  a  soluble  acid  salt  which  dissolves.    This  reaction  takes  pla< 
vory  slowly  in  the  presence  of  cold  water,  so  that  an  exact  deter- 
mination of  the  solubility  of  calcium  phosphate  is  impossible.    I'" 
is  rtNidilv  soluble  in  solutions  of  ammonium  salts,  sodium  nitrate 
nmliuni  chloride,  and  a  number  of  other  salts;  solution  of  cai 
bonio  arid  also  has  some  solvent  action  upon  it.     At  an  intern 
white*  hrat  the  s;Ut  fuses  without  decomposition. 

Uttoii.     Calcium  phosphate  has  some  use  in  medicine,  but  ths  ^^  ^t 
\ii  \\\^\^\\\i\\.\\\\\  a>m])ared  with  the  extent  and  value  of  its  applic=^^=sa- 
\U\\\  ah  a  ftTtili/or.     The  phosphate  industry ccmiinenoed in 
i'aroUna,  \\\  x^ty-;,  with  the  shipment  of  6  tons;  there  are 
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over  half  a  million  tons  annually  shipped  from  that  State  alone, 
while  North  Carolina  and  Florida  produce  sufficient  to  make  the 
totsd   shipments  from  the  three   States  for  1893,  981,340  tons, 
v^ilued  at  $3,434,690. 

.Z^/ca/ciuM  Orthophosphate^  CaaHa(P04)2,  or  Hydrogen  Calcium  Ortho- 
ph<^s/>/iate^  CaHP04. — This  compound  is  precipitated  when  a  solution  of 
scMdium  phosphate  is  added  to  one  of  calcium  chloride ;  it  is  a  white, 
crysta.lline  powder,  containing  2  molecules  of  water  of  crystallization. 
Urin3.ry  concretions  and  deposits  are  made  up  largely  of  this  phosphate. 
Tl^/rahydrogen  Calcium  Phosphate,  CaH4(  P04)2,  is  prepared  by  dissolv- 
ing  either  of  the  preceding  phosphates  in  phosphoric  acid  and  allowing 
the  solution  to  evaporate  spontaneously.     This  compound  is  also  known 
soxnetimes  as  calcium  superphosphate.     What  is  commercially  known 
as   sidperphosphate  of  lUne  is  a  mixture  of  this  compound  and  calcium 
sulpViate,  and  is  prepared  by  treating  bones  or  phosphate  rock  with  two- 
thirds  of  their  weight  of  sulphuric  acid.    The  product  is  extensively  em- 
ployed as  a  fertilizer. 

Calcium  Hypophosphite^  Ca(HaPOa),.  Calcii  Hypophosphis, 
^-  S.  P. — This  salt  is  prepared  by  taking  i  part  of  finely-divided 
Phosphorus  and  2  parts  of  calcium  oxide  which  has  been  slaked 
^^'^th  I  part  of  water  and  then  stirred  with  sufficient  water  to  make 
^  t^hin  mixture. 

These  ingredients  are  mixed,  placed  in  a  well-ventilated  posi- 
^*^ti,  and  warmed  to  40**  until  combination  is  complete,  or  until 
^^drogen  phosphide  ceases  to  be  evolved  : 


,Ca(OH)a    -f     2P4     -j-     6HjO 

Calcium  Phos-  Water. 

Hydrate.  pborus. 


3Ca(HaPOa)a     -f-      2PH8. 

Calcium  Hydrogen 

Hypophosphite.  Phosphide. 


AVhen   the  reaction  is  ended  the  mixture  is  filtered  and  the 

cium  hydrate  removed  from  the  filtrate  by  carbon  dioxide.     It 

^gain  filtered,  and  the  clear  filtrate  evaporated  at  a  low  tem- 

xature  in  a  vacuum  over  sulphuric  acid  until  crystallization 

es  place. 
The  finely-divided  phosphorus  is  obtained  by  placing  i  part  of 
^)sphorus  in  a  flask  with  2  parts  of  powdered  glass  and  5  parts 
water,  applying  a  gentle  heat  until  the  phosphorus  is  melted, 
then  agitating  until  cold.     By  this  means  the  phosphorus  is 
^^^tained  in  small  particles  which  more  readily  combine  with  the 
cium  hydrate.    Instead  of  crystallizing  the  salt  from  its  aq\ieous 
ution,  it  may  be  precipitated  by  the  addition  of  alcohol. 
X^roperties. — Calcium  hypophosphite  occurs  in  small,  water- 
,  transparent,  monoclinic  prisms.     It  is  also  found  in  lustrous 
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taining  4  molecules  of  water  of  crjstallizatioD.  It  is  a  very  deli- 
quescent ^t,  soluble  in  both  water  and  alcohoL  It  b  soinetinies 
known  as  hme  ioltpelre  or  wall  saltpetre.  This  sah  was  for- 
merly used  in  the  preparation  of  ordinary  saltpetre,  but  has  Utde 
use  at  the  present  time. 

OXYGEN   SALTS  OF  CALCIUM  AND   PHOSPHORUS. 

Gildum  Phosphate.  Ca,(PO,),.  Calcii  Phosphas,  U.  S.  P.— 
The  salt  of  this  formula  is  also  known  as  norma!  calcium  orlAo- 
phosphate  and  bone  phosphate.  It  is  found  native  uitfa  cataiun 
fluoride  in  the  minerals  apatite  and  phosphorite.  The  minerals 
osteolite  and  sombrerite  are  impure  calcium  phosphates.  By  &r 
the  most  extensive  occurrence  of  calcium  phosphate  is  in  what  is 
known  as  the  phosphate  rock  of  South  Carolina,  Florida,  and 
other  parts  of  the  Southern  United  States ;  it  is  also  found  in 
Canada.  This  rock  frequently  contains  as  much  as  90  per  cenL 
of  calcium  phosphate.  Bones  are  laigely  composed  of  calcium 
phosphate  ;  when  burned,  they  contain  from  80  to  85  per  ceiit- 
of  it. 

Preparation. — Calcium  phosphate  is  prepared  by  adding  cal- 
cium chloride  and  ammonium  hydrate  to  sodium  phosphate  : 


sCaCt,    +    aNH^OH     +    »(Na,HPO,. 


Fbospbalc;. 
■     i6H,0. 


% 


Properties. — Calcium  phosphate  precipitates  in  the  above 
reaction  as  a  white,  amorphous  powder  ;  it  is  odorless  and  taste- 
less, and  permanent  in  the  air.  It  is  almost  insoluble  in  cold 
water;  decomposed  by  boiling  water  into  an  insoluble  basic  salt, 
and  a  soluble  acid  salt  which  dissolves.  This  reaction  takes  pbce 
very  slowly  in  the  presence  of  cold  water,  so  that  an  exact  deter- 
mination of  the  solubility  of  calcium  phosphate  is  impossible.  It 
is  readily  soluble  in  solutions  of  ammonium  salts,  sodium  nitrate, 
sodium  chloride,  and  a  number  of  other  salts ;  solution  of  car- 
bonic acid  also  has  some  solvent  action  upon  it.  At  an  iniensr 
white  heal  the  salt  fuses  without  decomposition. 

Uses. — Calcium  phosphate  has  some  use  in  medicine,  but  that 
is  insignificant  compared  with  the  extent  and  value  of  its  applica- 
tion as  a  fertilizer.  The  phosphate  industry  commenced  in  South 
Carolina,  in  1867,  with  the  shipment  of  6  tons  ;  there  are  novr 
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over  half  a  million  tons  annually  shipped  from  that  State  alone, 
w^hile  North  Carolina  and  Florida  produce  sufficient  to  make  the 
total   shipments  from  the  three  States  for  1893,  981,340  tons, 
valued  at  $3,434,690. 

Z:?icaicium  OrthophosphaU^  CasHs(P04)8,  or  Hydrogen  Calcium  Ortho- 
phtjsphate^  CaHP04. — This  compound  is  precipitated  when  a  solution  of 
sodium  phosphate  is  added  to  one  of  calcium  chloride ;  it  is  a  white, 
crystalline  powder,  containing  2  molecules  of  water  of  cr>'stallization. 
Urinary  concretions  and  deposits  are  made  up  largely  of  this  phosphate. 
T^efj^hydrogen  Calcium  Phosphalt\  CaH4(  P04)a,  is  prepared  by  dissolv- 
ing; either  of  the  preceding  phosphates  in  phosphoric  acid  and  allowing 
the  solution  to  evaporate  spontaneously.     This  compound  is  also  known 
sometimes  as  calcium  superphosphate.     What  is  commercially  known 
as  superphosphate  of  liine  is  a  mixture  of  this  compound  and  calcium 
sulphate,  and  is  prepared  by  treating  bones  or  phosphate  rock  with  two- 
^irds  of  their  weight  of  sulphuric  acid.    The  product  is  extensively  em- 
ployed as  a  fertilizer. 

Calcium  Hypophosphite^  Ca(HaPOa)a.  Calcii  Hypophosphis, 

^  -  S.  P. — This  salt  is  prepared  by  taking  i  part  of  finely-divided 

^'^osphorus  and  2  p>arts  of  calcium  oxide  which  has  been  slaked 

^*tt  I  part  of  water  and  then  stirred  with  sufficient  water  to  make 

^  ^\m  mixture. 

"These  ingredients  are  mixed,  placed  in  a  well-ventilated  posi- 
'^^^n,  and  warmed  to  40®  until  combination  is  complete,  or  until 
^>"drogen  phosphide  ceases  to  be  evolved  : 

3Ca(0H)a    -f     2P4     -f     6HaO     =     3Ca(H2POa)a     +     2PH3. 

Calcium  Phos-  Water.  Calcium  Hydrogen 

Hydrate.  phorus.  Hypophosphite.  Phosphide. 

"When   the  reaction  is  ended  the  mixture  is  filtered  and  the 
cium  hydrate  removed  from  the  filtrate  by  carbon  dioxide.     It 
^igain  filtered,  and  the  clear  filtrate  evaporated  at  a  low  tem- 
ture  in  a  vacuimi  over  sulphuric  acid  until  crystallization 
es  place. 
TTie  finely-divided  phosphorus  is  obtained  by  placing  i  part  of 
osphorus  in  a  flask  with  2  parts  of  powdered  glass  and  5  parts 
water,  applying  a  gentle  heat  until  the  phosphorus  is  melted, 
then  agitating  until  cold.     By  this  means  the  phosphorus  is 
^  "^ined  in  small  particles  which  more  readily  combine  with  the 
cium  hydrate.    Instead  of  crystallizing  the  salt  from  its  aqueous 
ution,  it  may  be  precipitated  by  the  addition  of  alcohol. 
X'roperties. — Calcium  hypophosphite  occurs  in  small,  water- 
,  transparent,  monoclinic  prisms.     It  is  also  found  in  lustrous 
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our,  v;Ti*rr  idiitfc.  arid  Ls  paiUrtritnii  ir  iht  air. 

Tr.t  litl'  ir  vj1u:j1*:  :n  6.5  pi»rt=  jf  waits-  ar 
of  v-'L-'-^'  »*.t*rr  .  r:  :=  in->oiubit  iz  bJcjiia-. 

Or,  ir.*r  «.;,:,  .-ciiio::  of  h*2i.t  c^Jduz:  i:j-:*-jph.>rJijrr:t:  d=: 

Uses. — yjL-:.'.^.  'z.-r-jfjrjz^- ^-JzItji  has  zo:25ider>i-  1:=^  — 

Cs^s'Sdm,    ^L.\.  iz-^     Ii.SJ'.j. — Tbr:   r.apijunc    ■if  mis   f  w  ■?•>-:= 
'^aZ-.i  L'  "I'-r  T"  rr:^   *    litri  ■n:'!-     .'ii.-r..t-=.  r}~  lint,  and  i.acci; 

22- .T-""   -  ■  :^"-       -  T  r   z.nz-.'\z::::iC  ^^y  it:5._"  i»c   jijTa ntrd  ry  i_iz:: 

:xv ■;?:::  ^ait^  :-f  calcium  and  care^in. 

f :  -  .  ^  f :  -VT. :.:r    Ci  10,.    CaTcii  Carbonas  Predpitatns. 

w:.' '.  '''.'■-*•  .^.  -t-iTirt  i*:  iZ'iri'd^aziLy  izAl  whole  mou'tai::  "%-£^-^ 

^r-'    :-'-".^. :,  -.f  .1     I:  .5  ilf^:  ih-r  ±:±f  cc-n^drjent  of  etrg-^hrZ^. 

'-f  :•■-    '.--"-    -:'  rr.   I-ri*.   ire   :f  nril     la  chalk  it   is  arr-:r- 

-...-.'  .'..  .  r  — .-  „  -;*-= "  — i==«es.  wHuc  m  ca-dte  iii 

<..'-*..    --  '. -  — -   --   — =• zr}=x^t^.       Inese  two  minerals 

^.'^''Tk'r    v   --.V    rii.    -i^  i-iiririrr.     l^ii-rite.  or  calc-*j\ir.  has  a 

->'•■*.'.   :-i   .- .     :'  I  -:   ::    1-5    i-f  cr\-stalli2es  m  hexaj^o^al 

^r.-.-v.    -.  ;.  .r  c-Ti^-.te  hi^  i  ?r-rr:f:  zraviiy  of  2.92  to  3.2S, 

i-'i  '•'.■-,*-   .-   v.--  :  rrr.  ::  rr. :r".r::  ir-^nis-     Wlien  carbon  di- 

'^7..:-^  ..-.  ---.'-,1   ■,  ^.i.'i.r.-  15  i.i5.?ei  i".::-  rc-'d  lime  w^er,  the  pre- 

:::  i^:^  >  -.:  T.r<  irr. -rr'-  ■  _■=■    ru:  >>-r.  r-?-c:»mes  crystalline  in  the 

!'.  rrr.  ' :   v^.  :--:,-.r     *  r.r'    r.   ~» r*  tr  tr.r  .i^.e  water  is  hot.  cr\*5tiis 
-  *  •  -  _  - «-..  -  - ,  -  •  .    .'  _  _"  ,  .    ^ .  ^ 

Preparation. — Tr.r     rr. :...l  s:^:  j^  rrepiredby  adding"  a  hot 
so.ui:_7.    :'  -    i.jr."  r-.r-r-itt  ::     '-t  ::  r-ilri'jm  chloride: 

N'-iT    3      —       Z\Z\      =      CiT  ~'s      —      2NaCL 

^?'    -  -"  ■":•.-  7  1  ■  -—  SoiliTim 

«-*^'-      i^i  C:  :-  '.*.  Jir>  :i:=.  Chloride 
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The  product  is  a  fine,  white  powder,  without  odor  or  taste, 

and  permanent  in  the  air.     It  is  almost  entirely  insoluble  in  water, 

I      liter  dissolving  about  i8  milligrammes.     In  the  presence  of 

arz^  monium  hydrate  or  carbonate  it  is  less  soluble,  but  with  the 

ottaer  ammonium  salts  its  solubility  is  increased.     Carbon  di- 

o.?c;  ide  also  increases  its  solubility:  a  liter  of  water  saturated  with 

tlm  i.^  gas  will  dissolve  70  milligrammes  of  the  salt.     This  solu- 

ty  is  increased  under  pressure  up  to  3  grammes  per  liter,  but 

:  beyond  this  point.     Such  a  solution  when  allowed  to  stanU 

rdinary  temperatures  deposits  crystals  having  the  composi- 

CaCOj-sHjO. 

ilute  acetic,  hydrochloric,  or  nitric  acid  dissolves  calcium  car- 
rjate  with  effervescence,  leaving  no  residue. 
CDn  heating  calcium  carbonate  to  redness  with  access  of  air  it 
x^ts  with  its  carbon  dioxide,  leaving  a  residue  of  calcium  oxide, 
^reta  Prseparata,  U.S. P.,  Prepared  Chalk,  is  an  amorphous 
c:ium  carbonate  prepared  by  the  elutriation  of  chalk.  The  Phar- 
**^^^copoeia  of  1870  gave  a  process  for  its  preparation  as  follows  : 

*  •  Take  of  Chalk,  a  convenient  quantity.  Add  a  little  water  to  the  Chalk 
rub  it  into  fine  powder.  Throw  this  into  a  large  vessel  nearly  fiill 
"Water,  stir  briskly,  and,  after  a  short  interval,  decant  the  supernatant 
lor,  while  yet  turbid,  into  another  vessel.  Treat  the  coarser  particles 
tJie  Chalk,  remaining  in  the  first  vessel,  in  a  similar  manner,  and  add  the 
^**«"lDid  liquid  to  that  previously  decanted.  Justly,  set  the  liquor  by,  that  the 
'^^^^vder  may  subside,  and,  having  poured  off  the  water,  dry  the  powder.** 

I^repared  chalk  is  **  a  white,  amorphous  powder,  often  moulded 
**^to  conical  drops,  odorless  and  tasteless  ;  permanent  in  the  air." 
*  '^  other  characters  it  is  practically  identical  with  the  precipitated 
^^orapound. 

Uses. — Both  of  the  above  preparations  are  used  in  medicine ; 
e  prepared  chalk  is  preferred  by  some  of  the  manufacturers  of 
powders  on  account  of  its  non-crystalline  character. 
IVhiting  and  Paris  White  are  commercial  varieties  of  prepared 
c^l^sdk,  not  so  carefully  washed,  and  therefore  not  so  white.    They 
used  for  polishing  and  for  many  other  purposes  where  chalk  is 
^^qirired  in  the  arts. 

STRONTIUM. 

Sjymbol^  Sr.  Atomic  Weighty  87.3.  Valence,  11. 

History. — ^The  mineral  in  which  strontium  was  first  detected 
was  known  as  strontianite  from  its  occurrence  near  the  village  of 
Strontian  in  Scotland ;  and  the  metal  takes  its  name  from  that 
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source.  The  fcict  that  this  mineral  contained  a  peculiar  earth 
was  first  pointed  out  by  Crawford  in  1790.  This  was  confirraed 
by  Hope  in  1792,  and  independently  by  KJaprolh  a  year  later. 
Davy  in  1808  separated  the  metal  in  a  pure  state  by  elec- 
trolysis. 

Occurrence. — Strontium  is  found  in  nature  in  the  same  com- 
binations which  characterize  barium  and  calcium, — namely,  as 
carbonate,  SrCOg,  or  strontianite,  and  as  sulphate.  SrSO,,  or 
celestine.  Many  calcium  minerals  also  contain  small  quantities 
of  strontium.  Smaller  amounts  are  found  in  sea  water,  in  mineral 
waters,  and  in  certain  salt  springs.  It  has  also  been  found  in  the 
ashes  of  some  sea  plants,  as  Fucus  vesiculosus. 

Preparation.— Strontium  is  readily  prepared  by  the  eleclrol-   ' 
ysis  of  the  fused  chloride,  or  by  repeatedly  heating  a  saturated    ' 
solution  of  the  llised  chloride  with  an  amalgam  of  i  part  sodium 
and  4  parts  mercury  to  90°.     There  results  an  amalgam  of  stron- 
tium, which  by  drying  between  folds  of  filter  paper  and  heating 
in  a  current  of  hydrogen  yields  the  pure  metal. 

Properties. — Metallic  strontium  is  yellow,  ductile,  and  some- 
what harder  than  calcium  and  lead.  It  has  a  specific  gravity  ol 
2.5.  At  a  low  red  heat  it  melts,  and  if  while  hot  it  is  exposed 
to  the  air  it  burns  brilliantly.  When  placed  in  water  it  decom- 
poses it  with  some  violence.  The  salts  of  strontium  have  great 
similarity  to  those  of  barium.  They  impart  a  red  color  to  flame, 
and  were  formerly  reputed  to  be  poisonous,  but  this  has  been 
found  not  to  be  the  case. 

STRONTIUM   AND  THE   HALOGENS. 

Strontium  Chloride,  SrCla.6Hj,0. — The  readiest  method  of 
preparing  this  salt  is  by  saturating  hydrochloric  acid  with  the 
native  carbonate  and  digesting  the  solution  for  some  time  with 
excess  of  carbonate,  by  which  metals  like  aluminum,  iron,  and 
manganese  are  removed.  The  hot,  concentrated  solution 
deposits,  on  cooling,  acicular  crystals  of  the  hexagonal  sys- 
tem. 

These  crystals  have  a  sharp,  bitterish  taste,  and  deliquesce  on 
exposure  to  the  air.  They  are  soluble  in  1.8  parts  of  water  at 
ordinary  temperatures,  and  in  0.9  part  of  boiling  water  ;  soluble 
in  alcohol. 

On  the  application  of  heat  the  salt  loses  its  water  of  crystalliia- 
tion  at  100°,  and  at  829°  it  melts.  The  anhydrous  salt  is  said  to 
be  insoluble  in  absolute  alcohol. 
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Strontium  Bromide,  SrBra.6H,0.  Strontii  Bromidum, 
U.  S.  P. — On  saturating  hydrobromic  acid  with  strontium  car- 
bonate the  bromide  results,  as  follows  : 

SrCOa    4-    2HBr    =    SrBra    +    Hj|0    +    QO^ 

If  the  native  carbonate  be  used  as  in  the  preparation  of  the 
cHIoride,  then  the  solution  should  be  digested  for  some  time  with 
a  slig^ht  excess  of  the  carbonate,  in  order  to  remove  other  bases. 
THe  clear  solution  is  concentrated  and  allowed  to  crystallize. 

Properties. — Strontium  bromide  occurs  in  transparent,  color- 
less crystals,  odorless,  and  having  a  bitter,  saline  taste,  and  an 
allc3.1ine  reaction.  It  is  a  very  deliquescent  salt ;  dissolves  in 
I -05  parts  of  water  at  15®,  and  in  0.5  part  of  boiling  water.  **  It 
^  readily  soluble  in  alcohol,  and  is  precipitated  from  this  solution 
^pon  the  addition  of  an  equal  volume  of  ether,  in  which  it  is 
irisoluble.'' 

On  the  application  of  heat  the  crystals  melt  in  their  water  ot 
^^^rystallization,  and  then  lose  all  their  water,  amounting  to  30.4 
P^r  cent.     The  anhydrous  salt  fuses  at  630°. 

^rontium  Iodide,  SrI,.6HaO.  Strontii  lodidum,  U.  S.  P.— 
y^\itn  hydriodic  acid  is  saturated  with  strontium  carbonate  the 
^^^^de  results,  as  follows  : 

SrCOa    +    2HI    =    Sria    +    H2O    +    CO,. 

The  solution  is  filtered,  concentrated  to  a  small  bulk,  and  set 
'^^ide  to  crystallize.  Strontium  iodide  may  also  be  prepared  by 
uniting  a  solution  of  strontium  hydrate  with  iodine  in  the  same 
inner  as  in  the  preparation  of  potassium  iodide.  As  the  result 
*^  strontium  iodide  and  iodate,  and  the  latter  has  to  be  converted 
**^^o  the  former  by  ignition,  it  is  doubtful  if  this  process  is  any 
economical  than  the  one  first  given. 
I^operties. — Strontium  iodide  is  officially  described  as  occur- 
m  "colorless,  transparent,  hexagonal  plates,  odorless,  and 
►"ving  a  bitterish,  saline  taste.  Deliquescent,  and  colored  yellow 
"jr  exposure  to  air  and  light,*'  on  which  account  it  is  directed  to 
kept  in  **dark  amber-colored,  glass-stoppered  vials. '  *  The 
is  soluble  in  0.6  part  of  water  at  15°,  and  in  0.27  part  of 
toiling  water.     It  is  soluble  in  alcohol,  and  slightly  in  ether. 

On  the  application  of  a  gentle  heat,  the  crj'stals  melt  in  their 

of  crystallization,  and  at  a  higher  temperature  lose  all  of 

water,  amounting  to  24.05  per  cent.     When  the  temperature 

redness,  the  salt  is  decomposed  with  loss  of  iodine, 
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Strontium  oxide  remaining.     The  aqueous  solution  is  neutral,  oc 
\-ery  slightly  acid,  to  liunus  paper. 


STRONTIUM    AND   OXYGEN. 

Strontium  Monoxide,  SrU. — This  compound  of  strontium  may  bep 
pared  in  small  quantity  by  heating  ihe  nitrate,  but  on  a  large  scale  it  i- 
obtained  by  heating  tlie  carbonate  in  large  kilns  similar  ti 
pt^parii^  lime. 

Piopertiei.— When  prepared  by  heatbg  the  nitrate,  this  compound 
forms  in  grayish-white,  porous,  infusible  masses.  Thai  made  by  beating 
the  carbonate  is  found  in  tJie  form  of  powder  or  pressed  into  tiricks.  The 
latter  form  is  that  in  which  it  is  best  adapted  for  use  in  the  sugar  indusuy. 
It  is  employed  to  dissolve  in  water,  forming  the  hydrate,  for  use  in  the 
recoi'ery  of  certain  varieties  of  sugar. 

Strontium  Dio-xide,  SrO^  is  formed  when  the  hydrate  is  mixed  with 
hydrogen  dioxide.  It  occurs  in  pearly  scales.  haWng  the  formula  SrO^- 
8H,0.  When  these  crystals  are  heated  they  lose  water.  Iea\-ing  the  diox- 
ide as  a  light,  white  powder,  in  an  anhydrous  condition,  which  does  not 
melt  at  a  red  heat,  but  gradually  loses  oxj-gen. 

Strontium  Hydrate,  Sr(OHt^  is  usually  obtained  by  dissolving  Ihe 
monoxide  in  water,  but  it  may  be  prepared  in  small  quantity  by  precipi- 
tation of  a  solution  of  strontium  nitrate  with  sodium  hydrate.  Thb  hy- 
drate is  moderately  soluble  in  hot  water,  and  when  the  hot  solution  coob, 
crystals  are  deposited  having  the  Ibrmula  SriOH  jj.SH,0.  The  crystab 
dissolve  in  50  parts  of  cold  water  and  in  1.4  parts  of  boiling  water.  On 
the  application  of  heal  the  water  of  crystal  I  iiatlon  is  driven  off,  a 
higher  temperature  the  hydrate  b  reconverted  into  oxide. 


OXYGEN  S,\LTS  OF  STRONTIUM. 


■anoi^nvnr      ' 


Strontium  Si^hate.  SrSO,.  occurs  in  nature  as  celestine,  in  transparent 
rhombic  prisms  or  in  Abrous  masses,  hating  Ihe  specific  gravity  3.89. 
Cel^ine  usually  has  a  light-bluish  shade  of  color,  from  which  it  takes  its 
name.  The  sulphate  may  be  prepared  by  adding  sodium  sulphate  to  a 
soluble  salt  of  strontium,  as  the  nitrate.  It  is  soluble  in  6895  parts  of 
rold  wnlcr.  and  in  9638  parts  of  boiling  water.  The  salt  is  quite  easily 
decomposed  by  hoilii^  it  with  solution  of  potassium  or  sodium  carbon- 
ate.    It  fuses  when  strongly  heated. 

StrtmtiMm  Xitratt,  Sr(NO,V~^'s**"'*P'*P'"**'  by  dissolving  stron- 
tium carbouAte  in  dilute  nitric  acid.  As  ordinarily  obtained  it  separates 
in  Nnhsxlrous  oclohedrons ;  these  are  permanent  in  the  air.  When  a  hot, 
dilute  stiliitiiin  of  strontium  nitrate  is  allowed  tn  coot  slowly,  monoclinlc 
pri«n>*  iw  pUles  separate  with  4  molecules  of  water  of  crystalliiation : 
Ih.-w  I  n-ttuls  rvndily  effloresce  00  exposure  to  the  air. 

lllo  iiiili\'dnius  ssh  is  easily  soluble  in  water,  both  hot  and  cold,  but 
wuri'riv  «i)luNc  in  alcnbol. 

t  )n  till-  H|iiitinition  nT  heat  Ihe  salt  melts,  and  at  a  red  heat  is  decom- 
|KtM>il,  A  resitlttv  of  strontium  oxide  remaining. 
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The  principal  use  of  strontium  nitrate  is  in  pyrotechnics.  Nearly  all 
r^d  fires  contain  this  salt  The  following  formula  will  furnish  a  good  red 
fi  r^ :  Strontium  nitrate,  50  parts ;  potassium  chlorate,  25  parts  ;  pulverized 
sl-i^lac  or  sugar,  25  parts ;  powder  separately,  and  carefully  mix  without 
fricrtion.  An  intimate  mixture  is  best  made  by  passing  the  powders 
thorough  a  sieve. 

•Sirontiurn  Cardofta/e,  SrCOs,  occurs  native  as  strontianite  in  the  form 
of"  i-hombic  prisms.  It  is  prepared  by  precipitating  a  soluble  salt  of  stron- 
tii-a«Ti  with  sodium  carbonate.  The  salt  is  soluble  in  18,045  parts  of  cold 
^^t.er.  On  gentle  ignition  it  is  decomposed,  yielding  a  residue  of  stron- 
^^^rn  oxide  ;  this  decomposition  takes  place  more  readily  than  in  the  case 
^^  either  the  barium  or  calcium  carbonate.  It  may  be  decomposed  by 
*^^^iling  with  a  solution  of  ammonium  chloride. 

Ilie  chief  use  of  strontium  carbonate  is  for  the  purpose  of  readily 
'^*"^ishingthe  other  strontium  salts.  It  is  constantly  formed  and  again 
^^^O. verted  into  oxide  in  the  recovery  of  sugar  from  certain  varieties  of 
■^^^lasses. 

uch  salts  of  strontium  as  have  not  been  described  in  the  preceding 
may  be  prepared  by  processes  similar  to  the  corresponding  barium 
cralcium  salts. 


k 


BARIUM. 

Symboly  Ba.  Atomic  Weighty  136.9.  Valence ^  II. 

History. — The  metal  barium  was  first  prepared  by  Davy  in 
although  its  compounds  were  previously  well  known,  and 
received  the  name  of  baryta. 
Occurrence. — Barium  sulphate  as  heavy  spar,  and  barium 
nate  as  witherite,  are  the  chief  natural  forms  of  this  metal. 
c:>re  rarely  it  is  found  in  barytocelestite  (BaSrCa)S04,  baryto- 
ite  (BaCa)C03,  and  in  many  ores  of  manganese,  as  psilome- 
CMnBa)0  +  MnOj.     A  number  of  silicates  contain  small 
ntities  of  barium,  and  it  is  found  in  some  mineral  waters. 
ium  is,  further,  found  in  sea  water,  in  sea  plants,  and  in  the 
of  certain  woods,  notably  that  of  the  beech. 
I^reparation.—  Davy  prepared  barium  by  electrolysis  of  the 
^l^loride  in  the  presence  of  mercury,  the  resulting  amalgam  was 
in  a  tube  containing  petroleum,  whereby  the  metallic 
ium  was  left  behind  as  a  white  powder.     Bunsen  succeeded  in 
l^reparing  it  by  electrolyzing  a  thick  mixture  of  very  dilute  hy- 
^irochloric  acid  and  barium  chloride  at  a  temperature  of  100°  in 
^e  presence  of  mercury.     This  resulted  in  a  crystalline  barium 
Amalgam,  which,   on  heating,  left  the  barium  as  a  tarnished, 
porous  mass. 

Properties. — Barium  is  a  yellowish-white  metal,  which  melts 
*>t  a  red  heaL     It  is  not  volatile  under  ordinary  circumstances. 
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When  exposed  to  tbe  air  it  readily  oxidizes,  and  if  suAciently 
heated  takes  fire.  Its  specific  we^hl  b  about  3.75.  When 
thrown  oa  watfr,  it  decomposes  it  at  Qidinaiy  teroperatnres  like 
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Barium  CUaride.  BaCl,.2H,0. — The  easiest  method  of  pre- 
paring this  salt  is  by  dissolving  native  barium  carbonate,  with- 
erite,  in  dilute  hydrochloric  acid.  The  resulting  solution  con- 
tains, in  addition  to  barium,  the  chlorides  of  c^cium.  iron, 
manganese,  etc  ;  these  are  removed  by  allowing  the  solution  to 
remain  for  some  time  in  contact  with  an  excess  of  the  carbcMtate, 
whereby  the  impurities  are  precipitated,  TTie  clear  filtered  solu- 
tion is  then  neutralized  exactly  with  hydrochloric  add,  atxl 
evaporated  to  crystallize. 

Commercially,  the  chloride  of  barium  is  prepared  by  fiising 
finely-powdered  heavy  ^lar  with  charcoal : 


BaS    -t- 


4CO. 
HA 


liGf^ninir        . 


Properties. — Kmuin  chloride  occur  in  colorless,  glisteiung, 
rhombic  tables,  permanent  in  the  air,  ha%'ing  a  disagreeable,  bit- 
terish, saline  taste,  and  a  neutral  reaction.  Like  all  the  other 
compounds  of  barium,  this  salt  is  heavy,  having  a  specific  gravity 
of  3.05.  It  b  soluble  in  3.5  pans  of  water  at  15°,  and  in  about 
1.5  parts  of  boiling  water.  It  is  insoluble  in  concentrated  hj-dro- 
chloric  add  and  in  absolute  alcohol.  At  ordinar>'  lonperaiures 
over  sulphuric  acid  the  salt  loses  one  molecule  of  water  of  crys- 
tallization, at  120°  it  becomes  anhydrous,  and  at  a  red  heat  it 
melts.  ^Tien  it  is  melted  with  free  access  of  air  it  loses  chlo- 
rine, or.  below  the  melting  point,  in  presence  of  steam,  it  gives 
off  some  hydrochloric  acid,  the  residue  reacting  alkaline. 

The  anhydrous  salt  on  exposure  to  the  air  takes  up  two  mole- 
cules of  water. 

Barium  chloride  is  an  active  poison,  although  in  small  doses  it 
has  been  used  some  in  medicine. 

Uses. — The  chief  uses  of  barium  chloride  are  as  a  reagent  for 
the  detecrion  and  estimation  of  sulphuric  acid,  and  as  a  preventive 
a^painst  boiler  incrustation. 

Barium  Bromide.  BaBr^  zH^O.  and  Barium  Todtie,  Bal,.  aHgO, 
sre  known  and  have  been  prepared,  but  appear  to  have  no  es- 
pecial value  or  use. 
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BARIUM  AND  OXYGEN. 

Barium  Monoxide^  BaO,  may  be  obtained  by  burning  the 
metal  in  the  air  ;  but  it  is  prepared  by  heating  the  nitrate  in  an 
iron  crucible  until  there  is  no  farther  evolution  of  red  fumes. 

This  com[X)und  usually  occurs  as  a  grayish-white,  porous 
mass,  which  has  a  specific  gravity  of  5.72,  and  melts  at  a  white 
heat. 

In  contact  with  water  it  slakes  with  considerable  evolution  of 
heat,  forming  barium  hydrate,  Ba(OH)a. 

Barium  monoxide  is  used  in  the  manufacture  of  oxygen  by  the 
Brin  process. 

Barium  Dioxide^  BaO^  Barii  Dioxidum,  U.  S.  P.,  Barium 
Peroxide, — This  compound  is  prepared  by  heating  the  monoxide 
in  a  stream  of  dry  air  or  oxygen,  which  is  best  accomplished  at  a 
temperature  of  about  450®. 

Properties. — Barium  dioxide  occurs  as  **  a  heavy,  grayish- 
white,  or  pale  yellowish-white,  amorphous,  coarse  [X)wder,  odor- 
less and  tasteless.  When  exposed  to  the  air  it  slowly  attracts 
moisture  and  carbon  dioxide,  and  is  gradually  decomposed. 
Almost  insoluble  in  cold  water,  with  which,  however,  it  forms  a 
definite  hydrate,  and  to  which  it  imparts  a  decidedly  alkaline 
reaction." 

When  heated  to  bright  redness  it  fuses,  and  loses  one  atom  of 
oxygen.  Hydrochloric  and  the  other  mineral  acids  decompose 
it  with  the  formation  in  the  cold  of  hydrogen  dioxide  and  a 
barium  salt : 

BaOa    +    2HCI    =    BaCla    -f    HgO^ 

Barium  dioxide  is  directed  by  the  Pharmacopoeia  to  be  kept  in 
well-closed  vessels,  and  is  used  for  the  preparation  of  the  official 
hydrogen  dioxide. 

Barium  Hydrate^  Ba(OH)g. — When  barium  monoxide  is 
treated  with  water,  the  hydrate  is  formed  according  to  the  follow- 


m^  reaction 


BaO    -f    HgO    =    Ba(OH)j 


If  just  enough  water  is  added  to  form  the  compound,  the  result 
b  a  white  powder,  which  at  a  low  red  heat  meits  to  an  oily  liquid, 
which  solidifies  on  cooling  to  a  crystalline  mass.  In  this  condition 
it  has  a  specific  gravity  of  4.495,  and  when  dissolved  in  water 
forms  cr>'stals  having  the  formula  Ba(OH)a.8H20.  These  crys- 
tals, on  exposure  to  the  air,  fall  to  a  white  powder  with  a  loss  of 
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sev*eii  molecules  of  water.    On  a  conunerdal  scale,  barium  hydrate 
b  prepared  by  heitii^  the  orbooate  in  a  cumni  of  steam  - 

BaCO,    -r     H^O     =     Bai,OHt,     -i-     CO» 
The  resiiltii^  mass  is  dtssolved  in  water,  aHowed  to  5«tle,  and 
the  dear  solatioD  decanted  and  arystallixed. 

It  b  scduble  in  20  parts  of  water  at  ordjnan-  temperatures,  and   ' 
in  3  parts  of  boilii^  water,  Ibrming  a  strongly  aUcaltne  solution, 
which  b  extensively  used  as  a  reagent  under  die  name  of  baryta 
water. 

OXVGES  SALTS  OF  BARIUM  AND  THE  HALOGENS 

Sariwm  tJUormtr.  Ba4CKI^)»  is  prepared  by  saturaiii^  aqueous  d>I»k  1 
acid  with  banniB  cariwcBW.  b  aystalnes  in  OKmacKuK  prisms,  and  is  ' 
easily  soluble  in  wMer. 

AArtnw  ladatt,  BaflOa^  is  obtained  by  doable  deeompostioa  between    1 
poiassiuB  iodaie  and  barium  chloride:  banuin  iodate  separates  out  since 
it  requires  about  3000  parts  of  water  to  dKSohe  it ;  it  is  soluble  in  (ao 
parts  of  boifiug  wwter.     hschtef  use  k  for  the  prepaiadoa  oT  iodic  add.      ' 

a^RRM  AND  SIXPHUR. 

Jiii  -Cmm  MmmfM^taie,   BaS.  is  fanned   when  hydrogen   su^ide  h     I 
passed  over  beate'l  baiyta,  as  loog  as  water  is  fbrmed.     For  the  produc- 
tioacf  larKerqttaatities.antndniateniixtiiiecf  100  parts  barium  sul|dati% 
15  pans  of  ooaU  and  ao  parts  of  ctmmoa  salt  is  made  into  a  plastic  «a^    1 
with  water,  dried,  and  bntted  for  several  liouis  to  whiteness. 

ftopcnk*. — Barium  maaasalplMde  is  a  raddish-wfaite  or.  trom  the 
presence  of  coaU  a  grairisfa-wfaile  dbss,  wUch  in  the  presence  of  water  b 
decomposed  into  harinoi  fayAMe  and  hariwci  snipfaydiate:  wbicb  are  dis- 
soh'ed.  Wben  a  mixture  of  5  parb  ot  ibe  barium  monosulphide  and  i 
part  of  sulpbur  b  boSed  with  water  aud  allowed  to  evaporate  in  a  i-acuum, 
colorless  crystals  separate,  havng  the  fomufa  BaS.6H^. 

By  using  targer  profuitioas  of  sulphur  several  compounds  coat^ni:^    , 
nMireof  IhiselemefltnHgrbeabianied;  of  these  the  fbllowii^  are  known: 
h«ritm  triswJfiuie.  Ba^  lunawi  Utrasa^*iiie.   BaS^HaO,  and  6<irmm 
>rwft^a»*M^,  Ba^  I 

Bawimm  Ajhtyrffwar.  Ba{Sin»  b  prepared  by  pnssii^  hrdrc^en  sal-  ' 
pUde  into  a  sohilioa  of  barhm  brthate  until  saturated :  b)-  evaporating  ' 
in  a  vacuwB  it  crtstalKaEs  in  white,  fcor-sided  prisBB. 

OX^'GEN  SALTS  OF  BARIUM. 
Btrium  Siilfrkiite,  RiSO,,  Hfnvy  .^r.— This  is  the  most 
abundant  natik-e  compound  of  barium,  and  on  that  accoimt  it 
fiimisbes  the  starting:- point  in  the  preparation  of  the  other  barium 
compounds.  It  iso^en  found  in  irregular  masses,  but  also  comes 
in  weU-lbmied  rhombic  priatts  or  tables. 


OXYGEN  SALTS  OF  BARIUM.  3^3 

Barium  sulphate  is  prepared  by  precipitating  any  soluble  barium 
salt  with  dilute  sulphuric  acid.  That  made  in  this  manner  is  ex- 
tensively used  as  a  pigment  in  water-colors  under  the  name  of 
blancfixe  ox  permanent  white. 

Properties. — ^The  precipitated  salt  is  a  heavy,  fine,  white 
powder.  It  has  a  specific  gravity  of  4.53,  while  that  of  the  native 
mineral,  according  to  H.  Rose,  is  4.486.  It  is  almost  absolutely 
insoluble  in  water,  since  i  part  requires  400,000  parts  of  water  to 
dissolve  it.  In  the  freshly  precipitated  state  it  is  soluble  in  con- 
centrated sulphuric  acid,  but  it  is  thrown  down  on  dilution  with 
water. 

Barium  sulphate  is  decomposed  by  fusing  with  three  to  four 
times  its  weight  of  sodium  carbonate,  by  which  barium  carbonate 
and  sodium  sulphate  result ;  the  latter  can  be  removed  by  solution 
in  water. 

In  order  to  precipitate  barium  sulphate  in  an  impalpable  [x>w- 
der,  the  solution  of  barium  chloride,  having  a  specific  gravity  of 
1. 19,  is  treated  in  the  cold  with  dilute  sulphuric  acid  having  a 
si>ecific  gravity  of  1.245;  the  resulting  precipitate  is  collected, 
washed  with  cold  water,  and  sent  into  commerce  in  the  moist 
state.  This  compound  is  not  only  used  as  an  unalterable  paint, 
but  also  for  giving  weight  to  cards  and  paper.  The  finely-pow- 
dered mineral  is  employed  to  mix  with  lead  carbonate  in  the 
manufacture  of  the  cheaper  paints,  but,  on  account  of  its  crys- 
talline character,  it  has  not  the  covering  power  of  the  pure  lead 
compound  or  of  the  precipitated  barium  sulphate. 

Barium  DisulphaU^  BaS207,  is  prepared  by  adding  finely-powdered 
barium  sulphate  to  fuming  sulphuric  acid  until  it  forms  a  syrupy  solution. 
On  heating  this  to  150°  the  disulphate  deposits  in  glistening,  granular 
crystals. 

Barium  Dithionate^  BaSsOe-zHsO,  is  prepared  by  decomposing  man- 
ganese dithionate  with  barium  sulphide.  Its  solution  on  ev'aporation 
deposits  glittering  rhombic  crystals.  It  is  soluble  in  4  parts  of  water  at 
ordinar>'  temperatures,  and  in  i.i  parts  of  boiling  water.  Heat  converts 
it  into  barium  sulphate  without  change  of  form. 

Barium  Nitrate^  Ba(N03)2. — Nitric  acid  is  saturated  with 
barium  carbonate  or  sulphide  in  order  to  obtain  this  salt.  As 
thus  prepared  it  forms  permanent,  colorless,  anhydrous,  octo- 
hedral  cr>'stals.  It  is  soluble  in  12  parts  of  water  at  ordinary 
temperatures,  and  in  3  parts  of  boiling  water  ;  insoluble  in  alcohol. 

Barium  nitrate  is  used  as  a  reagent,  but  the  greatest  consump- 
tion of  it  is  to  fiirnish  the  green  to  colored  fires.     The  following 


384  CHEMISTRY  OF  THE  METALS. 

formula  will  produce  a  satisfactory  color :  Potassium  chlorate,  50 
parts  ;  barium  nitrate,  25  parts  ;  sugar  or  shellac,  25  parts.  Each 
ingredient  to  be  pulverized  separately,  and  then  all  carefully 
mixed  and  run  through  a  sieve.  Sulphur  is  a  frequent  constitu- 
ent of  colored  fires,  and  may  be  used  in  place  of  the  sugar  or 
shellac,  but  it  renders  the  fires  more  liable  to  inflame  sponta- 
neously. 

Barium  Carbonate^  BaCO,. — This  compound  occurs  native  as 
witherite,  or  it  may  be  prepared  by  adding  sodium  carbonate  to 
a  soluble  salt  of  barium.  The  native  salt  occurs  in  glistening, 
rhombic  crystals,  but  the  precipitated  compound  is  a  white  pow- 
der. It  is  soluble  in  14,000  parts  of  cold  water,  and  in  15,400 
parts  at  100°. 

When  heated  to  redness  barium  carbonate  loses  no  carbon 
dioxide,  but  in  the  flame  of  the  oxyhydrogen  lamp  it  melts  and 
gives  ofT  this  gas  slowly.  The  decomposition  takes  place  more 
readily  and  at  a  lower  temperature  in  the  presence  of  carbon  or 
when  steam  is  passed  over  it. 

Barium  carbonate  is  used  considerably  as  a  starting-point  for 
other  compounds,  and  in  chemical  anal)rsis.  On  account  of  its 
poisonous  properties  the  carbonate  has  had  considerable  use  as  a 
rat  poison. 


CHAPTER   III. 

THE  MAGNESIUM   GROUP. 

MAGNESIUM. 

Symbol,  Mg.  Atomic  Weight,  24.3.  Valence,  II. 

istory. — Attention  was  first  directed  to  the  magnesium  salts 
abouit  the  close  of  the  seventeenth  century  by  Grew,  a  physician 
o(  X^ondon.     He  found  a  peculiar  salt  in  the  mineral  spring  at 
Epsom,  which  salt  soon  became  celebrated   for  its    medicinal 
virtues.    The  metal  was  first  isolated  by  Davy,  in  1808,  although 
^e  did  not  obtain  it  in  a  pure  condition.     Bussy  was  the  first  to 
obtain  a  distinct  quantity  of  the  metal,  which  he  accomplished  by 
acting  on  the  fiised  chloride  with  potassium.    Bunsen,  in  1 852,  pre- 
pared it  by  electrolysis  of  the  chloride,  and  Sainte-Claire-Deville 
^nd  Caron,  in  1857,  devised  a  process  for  its  production  on  a 
^mmercial  scale.    The  compounds  of  magnesium  and  manganese 
^ere  not  distinguished  from  each  other  for  a  long  time,  and  much 
^^nfiision  regarding  them  was  the  result.     The  distinction  was 
'i*^  clearly  pointed  out  by  Black,  in  1755.     Later,  magnesium 
^^ine  to  be  known  as  the  metal  existing  in  magnesia  alba,  and 
'^^^anganese  as  that  in  fyrolusite  (manganese  dioxide),  then  called 
^'^^ignesia  nigra. 

Occurrence. — The  metal   is  not  found  in  the  uncombined 
state  in  nature.     Its  compounds,  however,  are  almost  as  widely 
distributed  as  those  of  calcium,  although  not  in  such  large  quan- 
tities.   The  principal  minerals  containing  it  are  magnesite,  Mg- 
CO, ;  dolomite,  (MgCa)C08  ;  kieserite,  MgS04.  ^a^  J  carnallite, 
a  chloride  of  magnesium  and  potassium,  KCl,MgCl2.6HaO  ;  and 
the  following  silicates  :  talc,  asbestos,  meerschaum,  enstatite,  and 
serpentine.     Magnesium  salts  are  found  in  plants,  in  which  they 
roay  to  a  certain  extent  replace  the  salts  of  calcium.     As  phos- 
phate magnesium  is  found  in  the  bones  and  urine  of  animals. 

Preparation. — Magnesium  is  now  usually  prepared  by  the 
electrolysis  of  the  fused  chloride.  The  decomposition  is  facili- 
^ted  by  the  presence  of  potassium  chloride,  so  that  the  mineral 
^^^rnallite  becomes  a  chief  source  for  it.  The  precaution  must  be 
^^  to  have  no  kieserite  present,  since  it  is  liable  to  give  rise  to 
^Wt  explosions.     The  electric  current  employed  is  furnished 
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by  a  powerful  dynamo.  Magnesium  is  liberated  at  the  negative, 
pole.  The  vessel  in  which  the  decomposition  is  effected  is  made 
of  especially  prepared  cast-steel,  which  acts  as  the  n^;a.tive  pole  ; 
the  positive  pole  is  made  of  gas -carbon.  In  order  to  prevent  the 
oxidation  of  the  metal,  a  stream  of  hydrogen  or  nitrogen  is  led 
through  the  vessel  during  the  operation. 

The  metal  is  also  prepared  to  some  extent  by  throwing  into  a 
red-hot  crucible  6  parts  of  anhydrous  magnesium  chloride,  i  part 
of  fluor-spar,  i  part  of  sodium  and  potassium  chloride  (obtained 
by  fusing  together  7  parts  of  sodium  chloride  and  9  parts  of  potas- 
sium chloride),  and  i  part  of  finely-cut  sodium.  A  violent  reac- 
tion ensues,  and  when  this  has  ended  the  covered  crucible  is 
removed  from  the  fire,  and  the  contents  stirred  with  an  iron  rod 
to  cause  the  small  particles  of  magnesium  to  unite.  When  cokt 
the  metal  is  removed  and  washed  with  water. 

The  product  from  both  of  the  preceding  processes  is  quits 
impure,  containing  carbon,  silicon,  and  nitrogen.  It  is  purified 
by  distillation  from  an  iron  vessel  at  about  1000°.  A  stream  rf 
hydrogen  or  coal-gas  is  passed  through  the  crucible  in  order  to 
prevent  oxidation.  The  purified  metal  is  pressed  into  wire  by- 
peculiar  machinery,  and  then  rolled  into  ribbon. 

Properties. — Magnesium  is  a  silver-white,  strongly  lustroi^ 
metal,  having  a  specific  gravity  of  i  .75.  It  is  unchangeable  in  dry 
air.  but  in  the  presence  of  moisture  it  gradually  becomes  covered 
with  a  film  of  oxide.  When  heated  without  access  of  air,  mag' 
nesium  melts  at  about  500°  and  boils  at  1000°.  Heated  in  the  air 
it  ignites,  and  burns  with  a  blinding  white  light  which  is  especially 
rich  in  actinic  rays.  Water  is  not  decomposed  by  magnesium  it 
ordinary  temperatures,  but  at  100°  decomposition  takes  place,  with 
evolution  of  hydrogen  and  the  formation  of  magnesium  oxide. 

Uses. — On  account  of  the  chemical  activity  of  the  magnesium 
light  it  is  useful  in  photography,  and  enters  into  the  compositioo, 
of  the  numerous  "flash-light"  powders.  Previous  to  the  devel- 
opment of  electric  lighting  it  was  used  in  making  strong  ligliB 
for  signalling  purposes.  It  is  used  in  pyrotechny.  The  cele- 
brated Bengal  fires  are  made  as  follows  :  Red— i  part  of  pulver- 
ized shellac,  5  parts  of  dried  strontium  nitrate,  2.5  parts  of  pow- 
dered magnesium.  Green— I  part  of  pulverized  shellac,  6  part) 
of  dried  barium  nitrate,  2.5  parts  of  powdered  magnesium. 

Magnesium  also  has  some  use  in  the  laboratory,  where,  on  ac- 
count of  its  freedom  from  arsenic,  it  may  replace  zinc  ia  li 
tesL 
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MAGNESIUM   AND   THE   HALOGENS. 

Magnesium  Chloride,  MgClg,6H,0.  ^  Sea  water  and  most 
mineral  waters  contain  magnesium  chloride.  In  the  solid  state  it 
is  found  abundantly  as  camallite,  KCl,MgCI,.6H,0.  at  Stassfiirt ; 
also  in  a  number  of  the  double  salts  in  that  locality.  It  may  be 
prepared  by  dissolving  magnesite  in  hydrochloric  acid  ;  but, 
since  it  is  a  by-product  of  not  much  value  in  the  preparation  of 
potassium  chloride  from  camallite,  it  practically  all  comes  from 
that  source. 

Properties. — Magnesium  chloride  occurs  in  colorless,  very 
deliquescent,  monociinic  crystals.  It  cannot  be  deprived  of  its 
water  of  crystallization  by  heat,  since,  when  heated,  it  decom- 
poses with  evolution  of  hydrochloric  acid  and  formation  of  mag- 
nesium oxy  chloride. 

The  anhydrous  salt,  therefore,  is  obtained  by  adding  ammo- 
nium chloride,  evaporating  carefully  to  dryness,  and  then  igniting 
carefully  in  a  platinum  dish  to  volatilize  the  ammonium  salt ;  or 
it  may  be  prepared  by  dr)'ing  the  cr>-stalli2ed  salt  in  a  stream  of 
hydiochloric  acid  gas. 

Anhydrous  magnesium  chloride  occurs  in  transparent,  lami- 
nated, pearly  plates,  which  dissolve  in  water  with  the  evolution 
of  heat.  It  possesses  a  bitter,  saline  taste,  and  is  readily  soluble 
in  water.  With  magnesium  oxide  it  forms  an  oxychloride  which 
is  insoluble  in  water.  If  magnesium  oxide  is  added  to  a  30-per- 
oent.  magnesium  chloride  solution  to  a  creamy  consistence,  the 
mixture  solidifies. 

Uses. — Magnesium  chloride  is  used  in  the  preparation  of  arti- 
ficial stone,  and  as  a  finisher  of  cotton  goods  in  dye-works. 

JUa^nesitan  Oxychloride. — When  an  aqueous  solution  of  magnesium 
chloride  of  1.16  Xa  i.i6  specific  gravity  is  mixed  with  freshly- prepared 
ma^esium  oxide,  the  mass  after  some  time  hardens,  so  as  to  be  capable 
of  taking  a  high  polish.  It  has  a  composition  represented  by  the  formula 
MguCl,(0H)^4H,0.  On  exposure  to  the  air  for  some  time  it  absorbs 
carbon  dioxide.  Another  oxychloride  is  formed  when  magnesium  sul- 
phate, containing  ammonium  hydrate  and  chloride,  is  exposed  to  the  air 
for  some  time ;  the  crystalline  precipitate,  which  is  deposited,  has  the 
composition  Mg,CltOH),.4H,0. 

Anhydrous  magnesium  chloride  forms  with  alcohol  a  compound  in 
which  the  latter  replaces  the  water  of  ciystallization.  This  crystalline 
compound,  therefore,  has  the  formula  MgClj.SCjHaO. 

Magnesium  Bromide,  MgBrj.6HjO,  occurs  in  sea  water  and  in  a  num- 
^Saltsprii^fS.    Itbthissalt  more  than  any  other  that  is  the  source  of 
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bromine.    It  may  be  prepared  by  heating  magnesium  in  bromine  vapor, 
but  a  cheaper  method  consists  in  passing  bromine  vapor  over  an  ignited 
mixture  of  magnesium  oxide  and  charcoal. 

The  anhydrous  salt  forms  in  solid,  white,  crystalline  masses,  which 
very  deliquescent,  and  become  hot  in  contact  with  water.     When 
salt  contains  water  of  crystallization,  it  loses  hydrobromic  acid  on   t.%-&e 
application  of  heat,  leaving  a  residue  of  magnesium  oxybromide. 

Magnesium  Iodide ^  Mglg,  occurs  associated  with  the  bromide,  c^^r  it 
may  be  prepared  by  passing  iodine  vapor  over  magnesium.  It  fom  kjcis 
very  deliquescent,  hydrated  crystals,  which  readily  decompose  w*^-ith 
liberation  of  iodine. 

Magnesium  Fluoride y  MgFg,  is  found  in  nature  as  the  mineral  sell^T^e. 
It  is  insoluble  in  water.     It  may  be  prepared  by  evaporating  magnessi.i.zsn 
oxide  with  an  excess  of  aqueous  hydrofluoric  add  to  dryness.     It  forr»^s 
amorphous  masses,  which  may  be  obtained  in  crystals  by  fusing  wf  ^A 
sodium  chloride  and,  after  cooling,  removing  the  salt  by  washing  wfi 
water. 

MAGNESIUM  AND  OXYGEN. 

Magnesium  Oxide y  MgO.  Magpniesia,  U.  S.  P. — Black,  in 
1755,  appears  to  have  been  the  first  to  prepare  this  oxide.  He 
noted  its  property  of  dissolving  in  sulphuric  acid,  which  served 
ta  distinguish  it  from  lime. 

Occurrence. — Magnesium  oxide  is  found  native  in  the  rare 
mineral  periclase,  found  at  Mount  Somma,  near  Naples.  This 
mineral,  however,  contains  some  ferrous  oxide. 

Preparation. — Magnesia  is  prepared  on  a  large  scale  by  heat- 
ing the  carbonate.  When  th&  light  carbonate  is  ignited,  the  light 
or  calcined  magnesia,  magnesia  usta^  results.  When  a  denser 
carbonate  is  used,  the  result  is  heavy  magnesia,  Magnesia  Pon- 
derosa,  U.  S.  P.  With  the  official  carbonate  the  reaction  is  as 
follows : 

(MgC08)4Mg(OH)a.5HaO    =    sMgO    +    SU^O    +    4CO,. 

The  operation  is  conducted  in  iron  or  earthenware  crucibles ; 
at  300°  the  decomposition  readily  takes  place,  and  it  is  known  to 
be  complete  when  a  small  quantity,  taken  from  the  middle  of  the 
vessel  with  an  iron  spoon  and  cooled,  gives  no  effervescence  with 
dilute  hydrochloric  acid. 

Probably  the  most  important  feature  in  the  successful  manu- 
facture of  this  compound  is  that  of  avoiding  too  high  a  temper- 
ature.    In  order  to  prevent  parts  of  the  powder  from  becoming 
too  hot  it  should  be  stirred  frequendy,  or  it  has  been  recom- 
mended to  perform  the  ignition  in  shallow  pans,  so  that  the  depth"^^ 
of  the  carbonate  does  not  exceed   2   to  3  inches.     Much 
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dej^ends  upon  the  purity  and  physical  condition  of  the  carbonate 
enn  ployed. 

Properties. — Official  magnesia  occurs  as  a  loose,  white,  odor- 
le^^s  powder ;  possessing  an  earthy  but  not  a  saline  taste.  It  is 
aixx-iost  insoluble  in  water  (i  to  55,368),  insoluble  in  ^cohol,  but 
.ciily  soluble  in  dilute  acids  without  effervescence. 
*he  presence  of  ammonium  salts  materially  increases  its  solu- 
bility  in  water.  In  moist  air  it  readily  absorbs  moisture  and 
cai-bon  dioxide,  becoming  converted  into  a  basic  carbonate. 

^dagnesia  is  not  visibly  affected  by  any  temperature  below  that 
oF  the  oxyhydrogen  flame,  but  it  will,  at  lower  temperatures, 
l>^crome  more  dense  and  crystalline.  **On  stirring  i  part  of 
^^^gnesia  with  15  parts  of  water,  in  a  beaker,  and  allowing  the 
u^i^cture  to  stand  for  about  half  an  hour,  it  will  form  a  gdatinous 
'i^a^fcS  of  sufficient  consbtence  to  prevent  it  from  dropping  out 
'^vl^en  the  glass  is  inverted.*' — U.  S.  P.  The  heavy  magnesia  is 
inser  and  finer  powder,  but  in  most  other  characters  resembles 
light  compound. 

'^^a^nesiufH  Hydrate^  Mg(OH)a,  occurs  in  nature  as  the  mineral  brudte. 
^^  nnay  be  prepared  by  allowing  a  not  overheated  magnesium  oxide  to 
^tand  in  contact  with  water,  or  more  quickly  by  heating  the  same  com- 
pound with  water  to  150**.  Sodium  or  potassium  hydrate  precipitates  mag- 
'•^sium  hydrate  from  solutions  of  the  salts,  like  the  sulphate  or  chloride. 

Magnesium  hydrate  is  a  white,  nearly  insoluble  powder.  It  is  easily 
Soluble  in  solutions  of  ammonium  salts.  At  100®  magnesium  hydrate  is 
'^ot  affected,  but  when  the  temperature  approaches  redness,  it  is  easily 
^^onverted  into  oxide.  It  is  sufficiently  soluble  in  water  to  impart  an 
^Icaline  reaction  to  the  latter. 

SALTS  OF  MAGNESIUM. 

-Magnesium  Sulphite,  MgS08.6H20,  is  prepared  by  double  decomposi- 
^on    between  magnesium  sulphate  and  sodium  sulphite ;  or  it  may  be 
by  adding  sulphurous  acid  in  excess  to  a  mixture  of  8  parts  of 
lesium  oxide  in  16  parts  of  water. 

\. — Magnesium  sulphite  is  a  white,  crystalline  powder,  be- 

^^^niiig  oxidized  on  exposure  to  air,  odorless,  having  a  slightly  bitter, 

*^*niewhat  sulphurous  taste,  and  a  neutral  or  slightly  alkaline  reaction. 

*t  is  soluble  in  20  parts  of  water  at  15°,  and  in  19  parts  of  boiling  water ; 

*>>soluble  in  alcohol.    When  heated  to  aoo®  the  salt  loses  its  water  of 

^^ystallization,  amounting  to  50.9  per  cent.,  and  is  converted  into  mag- 

^**8la  and  anhydrous  magnesium  sulphate. 

Hagnesium  sulphite  was  official  in  the  U.  S.  Pharmacopoeia,  but  was 

^'opped  from  the  last  revision.     It  has  some  use  in  medicine,  as,  on  ac- 

^^^'ttit  of  its  sparing  solubility,  its  taste  is  not  quite  so  disagreeable  as  the 

^ll^hcr sulphites.  It  has  the  medicinal  properties  of  the  sulphites  in  general. 
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Magnesium  Sulphate,    MgS04.7HsO.     Magnesii  Sulphas, 

U.  S.  P. — Epsom  salt  became  known  about  the  end  of  the  seven- 
teenth century,  because  of  its  valuable  purgative  qualities,  and 
was  designated  on  the  Continent  of  Europe  as  bitter  salt  and 
Sal  Anglicum. 

Occurrence. — Magnesium  sulphate  occurs  in  many  mineral 
waters,  the  most  notable  being  those  of  Pullna  and  Seidlitz,  in 
Bohemia,  of  Epsom,  in  England,  of  Friedrichshall,  in  Ger- 
many, and  Hunyadi  Jdnos,  in  Hungary.  Under  the  name  of 
kieserite  magnesium  sulphate  is  found  at  Stassfurt,  having  the 
composition  MgS04.  H^O.  The  upper  layer  of  this  salt  deposit, 
known  as  Adraumsalz,  is  a  mixture  of  magnesium  sulphate  with 
a  number  of  other  salts. 

Extraction. — Formerly  much  magnesium  sulphate  was  ob- 
tained by  the  concentration  of  natural  bitter  waters  and  by  the 
evaporation  of  the  mother  liquors  after  the  crystallization  of 
sodium  chloride  from  sea-water.  At  the  present  time  large 
quantities  are  made  as  a  by-product  in  the  manufacture  of  carbon 
dioxide  for  use  in  mineral  waters.  Magnesite  is  used  to  furnish 
this  gas  and  sulphuric  acid  is  used  to  effect  its  liberation,  as 
follows : 

MgCOa    +    HaS04    =    MgS04    +    COj    -f    H.O. 

ulphuric  Maenesium  Carbon 

Acid.  Sulphate.  Dioxide. 


Magnesite.  Sulphuric         Maenesium        _Carbon  Water. 

"ulpl 


After  the  escape  of  carbon  dioxide,  the  residue  is  dissolved 
in  hot  water,  neutralized  with  magnesite,  some  barium  sulphide 
added,  and  the  mixture  allowed  to  stand  for  some  time  in  order  to 
separate  iron  ;  finally,  the  clear  liquid  is  concentrated  and  allowed 
to  crystallize.  The  abraumsalz  above  mentioned  is  also  em- 
ployed as  a  source  of  magnesium  sulphate.  This  salt  is  exposed 
to  a  damp  atmosphere,  or  suspended  in  baskets  over  open  evapo- 
rators, so  that  it  is  brought  in  contact  with  the  ascending  steam  ; 
by  this  means  the  soluble  magnesium  and  sodium  chlorides  are 
dissolved,  while  the  kieserite  remains  behind.  Kieserite  is  not 
easily  dissolved  by  water,  but  on  contact  with  that  liquid  it  dis- 
integrates and  is  converted  into  Epsom  salt,  containing  7  mole-  - 
cules  of  water  ;  in  this  form  it  is  dissolved  and  recrystallized. 

Properties. — Magnesium  sulphate  crystallizes  from  water  ihm^ 
colorless,  rhombic  prisms,  or  in  small  acicular  crystals  ;  the  lattei^- 
form  is  obtained  by  allowing  the  crystallization  to  take  placer 
from  hot  concentrated  solutions.  The  salt  is  without  odor,  an< 
has  a  cooling,  saline,  bitter  taste ;  the  crystals  slowly  efHoresc: 
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in  dry  air.  It  is  soluble  in  1.5  parts  of  water  at  15®,  and  in  0.7 
part  of  boiling  water ;  insoluble  in  alcohol.  When  heated  to 
52**  the  salt  loses  i  molecule  of  water,  from  this  temperature  up 
to  132®  it  loses  5  additional  molecules,  and  at  200°  to  238°  the 
remaining  molecule  is  removed  and  the  salt  becomes  anhydrous. 
The  aqueous  solution  is  neutral  to  litmus. 

With  the  salts  of  the  alkali  metals  magnesium  sulphate  forms 
double  salts,  as  MgSO^KaSO^.eHaO  ;  MgS04,(NH4)jS04.- 
6H,0,  etc.  When  anhydrous  magnesium  sulphate  is  dissolved 
in  hot  concentrated  sulphuric  acid,  six-sided  tabular  crystals 
separate  out  on  cooling,  which  have  the  composition  MgS04.- 

Uses. — Magnesium  sulphate  is  used  in  medicine  as  an  active 
and  safe  cathartic.  It  also  has  some  use  in  dyeing  and  calico 
printing  as  a  finisher.  When  this  salt  is  used  with  aniline  colors^ 
the  finished  goods  are  found  to  better  resist  the  action  of  soap. 

Magnesium  NUraUy  Mg(N08)a.6H20,  is  prepared  by  neutralizing^ 
nitric  add  with  magnesium  carbonate.  It  forms  deliquescent  monoclinic 
prisms  or  acicular  crystals.  From  hot  solutions  it  separates  with  2  mole- 
cules of  water  of  crystallization.  The  crystals  are  soluble  in  0.5  part 
of  water  at  15^,  and  in  9  parts  of  alcohol. 

Normal  Magnesium  Fhosphaie,  Mg8(P04)2,  is  found  in  bones,  in  the 
seeds  of  many  plants,  and  in  a  number  of  minerals.  It  is  precipitated 
when  a  solution  of  trisodium  orthophosphate  is  added  to  one  of  mag- 
nesium sulphate.  One  part  of  the  salt  requires  5000  parts  of  water  to 
dissolve  it. 

Magnesium  Hydrogen  Phosphate^  MgHP04,  is  formed  when  a  solution 
of  ordinary  sodium  phosphate,  Na2HP04,  is  added  to  one  of  magnesium 
sulphate.  On  standing  in  contact  with  water,  this  precipitate  becomes 
crystalline  with  7  molecules  of  water.  One  part  of  this  crystalline  pre- 
cipitate is  soluble  in  322  parts  of  water. 

Amnumium  Magnesium  Phosphate^  Mg(NH4)P04.6HaO. — This  salt 
frequently  separates  from  decomposing  urine,  and  large  crystals  of  it  have 
been  found  in  some  varieties  of  guano.  It  is  formed  when  ammonium 
chloride  and  hydrate  are  mixed  with  a  solution  of  magnesium  sulphate, 
and  then  a  solution  of  a  soluble  phosphate  added.  The  crystals  which 
are  thus  produced  are  transparent,  quadratic  prisms,  soluble  in  15,000 
parts  of  water  at  15^  and  in  44,000  parts  of  ammoniacal  water.  At  100° 
five  molecules  of  water  are  given  off  without  loss  of  ammonia,  and  at 
higher  temperatures  the  remainder  of  the  water  and  the  ammonia 
escape,  leaving  magnesium  pyrophosphate,  MggPs07. 

Magnesium  Arsenate  and  Magnesium  Ammonium  Arsenate  are  simi- 
lar In  thdr  method  of  preparation  and  properties  to  the  corresponding 
phosohates. 

Magnesium  Borate, — ^When  solutions  of  borax  and  mag^nesium  sul- 
phate are  mixed  in  the  cold,  no  precipitation  takes  place,  but  on  lopg 
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boiling  a  precipitate  forms  having    the  composition    Mg(BOs)^2Mg« 
(OH)a.7HaO.    This  compound  has  had  some  use  as  an  antiseptic. 

Magnesium  Carbonate^  MgCOg. — This  is  the  normal  magne- 
sium carbonate,  and  is  found  abundantly  in  nature  as  magnesite. 
It  is  somtimes  found  in  rhombohedral  crystals,  which  are  isomor- 
phous  with  those  of  calcite.  In  pharmacy  and  medicine  we  are 
concerned  chiefly  with  the  artificially  prepared  or  basic  mag- 
nesium carbonate  (MgC08)4,Mg(OH)j.5HaO,  Magnesii  Car- 
bonas,  U.  S.  P.  This  compound  became  known  as  a  valuable 
medicinal  agent  about  the  beginning  of  the  eighteenth  century, 
under  the  name  of  magnesia  alba. 

Preparation. — lo  parts  of  magnesium  sulphate  and  12  parts 
of  sodium  carbonate  are  each  dissolved  separately  in  80  parts  of 
distilled  water,  the  solutions  are  mixed  in  the  cold,  and  the  mixt- 
ure boiled  for  15  minutes.  The  precipitate  is  collected  on  a  muslin 
filter  and  washed  with  hot  water  until  the  washings  cease  to  give 
a  reaction  with  barium  chloride  for  sulphuric  acid.  The  heavy 
carbonate  of  magnesia,  magnesia  carbonas  panderosa  of  the 
British  Pharmacopoeia,  is  prepared  by  dissolving  each  of  the 
above  salts  in  20  parts  of  water,  mixing,  and  evaporating  the 
resulting  mixture  to  dryness.  The  dry  residue  is  then  washed 
thoroughly  with  hot  water  until  all  sodium  sulphate  is  removed. 
The  product  is  a  dense  powder.  The  reaction  which  takes  place 
in  these  processes  is  as  follows  : 


5MgS04    +    sNa^COa    +    6HaO    =    (MgC08)4,Mg(OH)a.5HaO  + 

fagnesiura  Sodium 

Sulphate.  Carbonate. 


Magnesium  Sodium  Water.  Official  Magnesium  Carbonate. 

"  uTpI  ~    ■ 


5NaaS04    -f-    COg. 

Sodium  Carbon 

Sulphate.  Dioxide. 

The  method  of  Pattinson  consists  in  igniting  dolomite,  a  mag- 
nesium and  calcium  carbonate,  and  treating  the  product  with 
solution  of  carbon  dioxide  under  a  pressure  of  5  to  6  atmos- 
pheres. The  magnesium  carbonate  goes  into  solution  much 
easier  than  the  calcium  carbonate.  The  clear  solution  is  sepa- 
rated from  the  precipitate  of  the  latter,  and  on  heating  deposits 
a  precipitate  of  the  official  carbonate,  with  evolution  of  some 
carbon  dioxide,  which  may  be  used  again. 

Properties. — The  official  magnesium  carbonate  comes  in  com- 
merce in  loose,  white,  easily-pulverized  masses,  which  are  readily 
reduced  to  a  fine,  white,  amorphous  powder,  without  odor, 
having  an  earthy  taste,  and  permanent  in  the  air.  It  dissolves 
in  2500  parts  of  cold  water,  and  in  9000  parts  of  hot  water,  and 


r 
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imparts  to  the  water  an  alkaline  reaction  ;  alcohol  exerts  no  sol- 
vent action  upon  it.  Dilute  acids  dissolve  it  with  active  effer- 
vescence, and  without  leaving  any  residue. 

Solution  of  ammonium  salts  have  considerable  solvent  action 
magnesium  carbonate,  and  in  the  presence  of  ammonium 
oride  no  precipitation  of  the  carbonate  will  occur. 
On  the  application  of  heat,   water  is  first  given  off,  and  at 
1 3ro**  (Mendelejeff )  the  decomposition  of  the  carbonate  is  com- 
plete, magnesium  oxide  remaining.     This  is  considerably  lower 
n  the  temperature  of  dissociation  given  by  other  authorities, 
would  consequendy  require  more  time  than  that  usually 
^n  for  the  preparation  of  magnesium  oxide. 
rVhen  the  official  magnesium  carbonate  is  shaken  with  water 
il  a  uniform  mixture  results,  and  carbon  dioxide  is  passed  in, 
re  results  a  clear  solution   of  acid  magnesium  carbonate^ 
Hg(C03)2,  which  has  not  been  separated  in  the  solid  state. 
is  solution  on  exposure  to  the  air,  and  warming  to  50°, 
>sits  crystals  of  the  neutral  carbonate  with  3  molecules  of 
ir,  MgC03.3HgO,  or  at  a  winter  temperature  MgCOg-sHjO 
►arates.     Under  ordinary  atmospheric  pressure  i  part  of  mag- 
Lum  carbonate  requires  761  parts  of  carbonic  acid  water  to 
iolve  it,  under  3  atmospheres  of  pressure  the  solubility  is  i  to 
and  at  6  atmospheres  it  is  i  to  76  of  the  carbonic  acid 
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The  Liquor  Magnesii  Carbonaiis  of  the  British  Pharmacopoeia 
Such  a  solution,  and  contains  about  2  per  cent,  of  the  official 
nate.     It  is  dear,  and  free  from  bitter  taste. 
ses. — Magnesium  carbonate  is  used  in  medicine  as  an  ant- 
,  and  in  the  presence  of  acids  becomes  cathartic  in  its  action. 

^gnesium  Silicates, — ^A  number  of  these  compounds  occur  widely 
ibuted  in  the  mineral  kingdom.  Talc  has  the  composition  sMgSiOa* 
iOa,  serpentine  3MgO,2SiOa.2H20,  etc. 


BERYLLIUM  (Glucinum,  Gl). 

Symbol^  Be.  Atomic  Weighty  9.03.  Valence^  IL 

historical. — ^The  mineral  beryl  was  formerly  supposed  to  be  a  com- 
pound of  silica  with  calcium  or  aluminum,  but  Vauquelin,  in  1798,  showed 
^^  base  to  be  different  from  both  of  these,  and  the  name  glucina  was 
^'ven  to  this  new  earth.    Wohler,  in  1828,  first  obtained  the  metal,  by 
^'^iMng  the  chloride  with  potassium. 

Occurrence. — Beryllium  occurs  in  nature  in  a  few  rare  minerals.     Beryl 
^  a  silicate  of  beryllium  and  aluminum,  3BeSi08,Al2(Si08)ai  which 
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occurs  in  b«auiiful  hexagonal  crystals  of  a  green  color ;  the  transparent, , 
green-colored  varieties  are  knowo  as  emerald,  and  those  of  a  blubh* 
green  tint  are  termed  aquamarine.  Phenatjte  is  a  beryllium  Plicate  of  ' 
the  composition  Be^iO,,  and  chrysoberyl  is  a  beryllium  and  alutninum  , 
oxide,  BeO.AIjOg. 

Preparation. — Metallic  beryllium  is  prepared  by  passing  the  vapor  of' 
beryllium  chloride,  along  with  hydrogen,  over  heated  sodium.  A  110- 
lent  reaction  occurs,  and  the  chloride  ia  reduced  to  Ihe  metallic  state  and 
is  obtained  in  the  form  of  powder.  It  is  afterwards  caused  to  cohere  by 
fusing  in  a  crucible  under  a  layer  of  sodium  chloride.  Any  of  the  modern  ■ 
processes  for  the  preparation  of  aluminum  may  be  successfully  applied  ' 
to  the  preparation  of  beryllium. 

Ptopenics. — Beryllium  is  a  silver-white,  lustrous  met^ ;  malleable,  and 
having  the  specific  gravity  1.64.  It  remains  unchanged  in  the  air  at  «di- ' 
nary  temperatures,  but  wlien  heated  it  becomes  coated  with  a  thin  film  1 
of  oxide  which  prevents  further  change.  If  the  metal  be  in  a  finely- 
powdered  state  it  will  Inflame  when  heated  in  the  air.  It  does  not  acti 
upon  water,  even  when  the  latter  is  boiled  with  it.  Dilute  acids,  likt: 
hydrochloric  and  sulphuric,  dissolve  it,  as  do  also  the  hydrates  of  sodium^ 
and  potassium,  but  nitric  acid,  even  when  hot  and  concentrated,  acts  oil 
it  very  slowly.  J 

Berylliunt  Chloride,  BeClg,  is  obtained  in  the  anhydrous  cooditioa  bji 
passing  chlorine  over  a  heated  mixture  of  beryllium  oxide  and  charcoaL 
It  is  easily  fusible  and  volatile,  and  may  be  obtained  with  4  molecules  of ' 
water  of  crystallization  from  aqueous  solution.  The  chloride  may  alH>. 
be  obtained  by  dissolving  the  oxide  in  hydrochloric  acid.  In  manyof  itsi 
characters  it  resembles  magnesium  chloride. 

Beryllmm  Bromide,  BeBrg,  Iodide,  Bel,,  and  Fluoride,  BeF^  ar*; 
known,  and  may  be  prepared  like  the  chloride.  ' 

BeryllitUH  Oxide,  BeO,  yields  with  acids  salts  having  a  sweet  taste. 
The  solutions  of  these  salts  give  precipitates  of  the  hydrate,  Be(OH),.  oa' 
the  addition  of  sodium  or  potassium  hydrate  ;  this  hydrate  is  distinguished 
from  that  of  magnesium  by  being  soluble  in  excess  of  the  reagent,  and 
from  the  hydrate  of  aluminum  by  its  solubility  tn  excess  of  alkali  car- 
bonate. 

Beryllimtt  Sulphate,  BeS04.4HjO,  separates  from  hot,  concentrated' 
solutions,  while  from  acid  solution  BeS0^.7HgO  crystallizes;  it  is  isomoT'l 
phous  with  magnesium  sulphate. 

Beryllium  Nitrate,  Be(NOala.3HaO,  is  an  extremely  deliquescent  sal;  1 
easily  soluble  in  alcohol.  ' 

Beryllium  Phosphate,  BeHP04.3HBO,  is  obtained  by  predpitating  &  I 
soluble  salt  of  beryllium  with  sodium  phosphate. 

Beryllium  Carbonate,  BeCOs-4HaO,  separates  in  crystals  of  this  com- 
position, when  a  solution  of  the  basic  carbonate  in  carbon  dioxide  is  con- 
centrated over  sulphuric  acid  with  exclusion  of  oxygen. 
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ZINC. 

^ymboit  ZtL  Atomic  Weight ^  65.1a  VaiencCi  II. 

History. — Paracelsus  in  the  sixteenth  century  first  recognized 

2mc  as  a  metal.     It  was  known,  however,  long  before  that  time 

that  certain  ores  of  zinc  known  as  cadmia  would,  when  smelted 

^th  copper  ores,  furnish  a  yellow  metal  (brass).     Works  for  the 

preparation  of  metallic  zinc  were  first  established  in  the  year 

1743,  at  Bristol,  England. 

Occurrence. — It  is  doubtful  if  zinc  occurs  in  nature  in  the 

metallic  state,  although  it  is  said  to  have  been  found  in  Australia. 

The  most  abundant  ore  of  zinc  is  the  sulphide,  or  zinc  blende,  and 

next  the  silicate,  or  calamine,  although  the  carbonate  (smithsonite) 

is  often  included  under  the  same  general  term.     The  most  noted 

European  localities  are  Belgium,  Silesia,  Saxony,  and  England. 

Iri   the  United  States  fiilly  half  the  zinc  is  produced  in  Missouri, 

^^liough  there  are  important  deposits  in  Pennsylvania,   New 

Jersey,  Virginia,  Wisconsin,  Kansas,  and  Arkansas. 

I  n  the  United  States  there  are  two  ores  that  are  peculiar  to 
^^^^  localities  named  and  are  not  found  abroad, — namely,  the 
'i^.tive  oxide,  called  red  oxide,  or  zincite,  and  a  mixture  of  zinc 
^>3ci<le  with  manganese  and  iron  oxide,  known  as  fi^nklinite. 
SotJi  of  these  minerals  occur  at  Franklin  and  Mine  Hill,  New 

y- 

inc  has  been  found  in  the  ashes  of  some  plants  which  grow 
localities  where  the  soil  contains  the  metal. 
^Preparation. — Zinc  ores  are  first  roasted  to  remove  carbon 
^ide  and  water  in  the  case  of  calamine,  and  in  the  blende  to 
^^^>»ivert  the  sulphide  into  oxide.     The  roasted  ore  is  then  reduced 
charcoal. 
Originally  the  English  process  was    exclusively  employed. 
is  consisted  in  mixing  the  roasted  ore  with  half  its  weight  of 
^hajcoal,  and  heating  in  crucibles  which  were  constructed  with  a 
^^V>e  extending  fiom  the  bottom  of  the  crucible  down  to  a  vessel 
^^demeath.     This  tube  was  plugged  at  its  opening  into  the 
^*^cible  with  a  piece  of  wood  which  was  converted  early  in  the 
Operation  into  porous  charcoal,  and  thus  allowed  the  passage  of 
^he  zinc  vapor  down  to  the  receiver  below.     The  top  of  the  cru- 
mble was  tightly  covered.     The  English  process  has  now  given 
^^y  to  the  Belgian  and  the  Silesian  processes. 

The  Belgian  process  is  illustrated  in  the  figures  as  follows : 
^ig.  68  shows  a  side  view  of  the  retorts  placed  in  the  furnace, 
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and  Fig.  69  gives  a  back  view  of  these  retorts,  showing  how  the 
fire  reaches  them. 


I 


Zinc  ■melting  [Belgian  proctti). 


The  retorts  g.  Fig,  70,  are  made  of  fire-day,  and  filled  with  a 
mixture  of  powdered  coal  and  roasted  ore.  They  are  about  t 
meter  in  lenpth,  with  an  internal  diameter  of  0.3  meter.  To 
the  open  end  a  conical  earthenware  tube  0.34  meter  in  length 
is  luted,  and  to  it  the  condenser,  g,  is  fitted ;  thk  condenser 
has  a  sm.ill  opening  in  its  end  to  permit  the  escape  of  gasea. 
The  charge  consists  of  about  40  pounds  of  a  mixture  of  2  partsd 
of  roasted  ore  and  i  part  of  cosi.  About  48  of  the  cnidUes  are= 
placed  ill  one  of  the  furnaces.     On  the  application  trf"  heat  at — 


bon  monoxide  first  escapes,  and  bums  at  the  mouth  of  the  tube 
(/,  Fig.  70)  with  a  blue  flame.     As  the  metal  begins  lo  vol- 
atilize   the    flame   becomes 
much  whiter   in  color;  the  ^^°-  '"■ 

receiver  £■  is  then  placed  in 
position,  and  there  is  con- 
densed in  it  a  mixture  of 
finely-divided  metal  and 
oxide  ;  this  is  removed  after 
a  time,  and  the  metal  col' 
lected  both  in  the  receiver 
and  in  the  earthenware 
tube. 

In  the  Silesian  process  is  used 
<lifferent  from  that  employed  ' 


Retort  or  Bclsii 


retort  or  muflle  of  a  shape 
the  Belgian  method,  and  it  is  con- 
siderably larger  in  size.     Figs.  71  and  73  show  these  muflles  in 
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Ztaic  imeltlnc  [5llesi*n  proccn). 

1  the  furnace,  while  an  enlarged  view  of  a  muffle  b 
shown  in  Fig.  73. 

In  this  process  considerably  more  of  the  zinc  is  converted  into 
oride.  A  few  furnaces  are  constructed  to  use  the  Silesian  muffles 
Wow  and  the  Belgian  retorts  above.  Gas  is  sometimes  used 
for  fuel 

Commercial  zinc  often  contains  as  impurities  lead,  carbun,  iron, 
uxnic,  and  some  other  metals.     It,  therdbre.  leouires  further 
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purification.  This  is  accomplished  by  submitting;  it  to  distil- 
lation in  retorts  similar  to  those  used  in  the  Englbh  method  of 
reduction ;  that  is,  with  an  exit-pipe  cemented  into  the  bottom 


zinc  (DHltios  (Sill 


of  the  vessd.     The  vapors  pass  down  through  this  tube  and  am  ^ 
collected  in  a  vessel  beneath.     Zinc  purified  in  this  manner  ]^s 
usually  rcmelted  and  cast^ 
*'"*■  73-  into  rods,  rolled  into  thin«r 

sheets,  or  granulated  hy^ 
pouring  into  cold  water,.^: 
in  which  form  it  is  Icnownc^ 
as  "mossy"  zinc 

The  Belgian  process  i^s. 

'  "^  '*"   chiefly  used  in  the  Unite<E=3 

crucibif  of  siiBiM  prac«t  States,  where  the  ootpurj 

for     1893     amounted    tc^ 

76.255  tons,  \-alued  at  $6,214,782.     This  was  about  one-fourth*" 

of  the  totiJ  production  of  the  world. 

Properties.— Zinc  is  a  bluish-white  metal,  with  a  lustre  whicT^ 
is  abnost  insignificant  when  compared  with  that  of  some  othe^ 
metJs.  \Vhen  cast  it  exhibits  a  tabular  structure.  Its  specii^^ 
gntvity  ranges  rK>m  6.9.  when  it  b  cast,  to  7.2,  when  it  is  rolle^^ 
It  is  \-ei>-  ductile,  considering  its  hardness.  Its  malleability  is  co  1 
si.lor.»'.Je  when  pure,  but  in  ihe  impure  condition  it  is  quite  bn'tt^ 
\\  !n-n  hoAtevI  to  too"  .»nd  not  above  150°,  its  malleability  *-t 
dwotiUty  anc  nuteriiUy  increased ;  abm-e  2 
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ciently  brittle  to  be  powdered  in  an  iron  mortar.  Zinc  melts  at 
412®  to  415**,  and  at  940**  it  boils.  It  is  official  under  the  name 
of  Zincum,  and  this  metal  should  dissolve  in  dilute  hydro- 
chloric or  sulphuric  add  with  evolution  of  hydrogen,  and  without 
leaving  an  appreciable  residue.  The  purest  metal  is  slowly  at- 
tacked by  sulphuric  add,  but  the  action  may  be  hastened  by  the 
addition  of  a  little  platinic  chloride,  to  establish  galvanic  action  ; 
the  hydrogen  evolved  should  have  no  disagreeable  odor. 

Zinc  does  not  readily  undergo  change  when  exposed  to  dry 
air ;  in  damp  air  it  becomes  coated  with  a  thin  film  of  oxide  and 
carbonate,  which  prevents  further  action. 

Water  is  not  decomposed  by  zinc  at  ordinary  temperatures,  but 
at  100^  slight  action  takes  place,  which  becomes  correspondingly 
greater  as  the  temperature  is  increased. 

Sodium  and  potassium  hydrates  dissolve  zinc  with  evolution 
of  hydrogen  and  formation  of  sodium  and  potassium  zincate. 
Zinc-dust  is  composed  chiefly  of  a  finely-powdered  zinc  mixed 
urith  some  oxide.     It  is  a  valuable  reducing  agent  in  the  labora- 
tory, and  is  used  on  a  commercial  scale  in  the  reduction  of 
ii^digo.     It  has  also  some  use  as  a  paint. 

XJses. — Zinc  is  used  in  large  quantities  in  the  manufacture  of 
It  is  also  employed  in  desilvering  lead,  in  galvanizing, 
batteries,  for  roofing,  and  a  great  number  of  other  purposes. 

ZINC  AND  THE  HALOGENS. 

^znc  Chloride,  ZnOj.     Zinci  Chloridum,  U.  S.  P. ,  may  be  ob- 

^^ined  by  burning  strips  of  the  metal  in  chlorine  gas,  and  by  evap- 

ting  the  solution  of  zinc  chloride  and  distilling  the  residue. 

Xfiquor  Zinci  Chloridi,  U.  S.  P.,  is  prepared  by  dissolving 

e  metal  in  hydrochloric  acid  to  saturation  ;  a  small  quantity  of 

*^itric  add  is  then  added  to  oxidize  any  impurity  of  iron,  and  the 

lution  is  evaporated  to  a  dry  mass  at  a  temperature  not  exceed- 

115®.     The  residue  is  dissolved  in  water  and  allowed  to  stand 

^*i  contact  with  the  zinc  carbonate  for  24  hours  ;  the  clear,  super- 

*^^tant  liquid  is  then  siphoned  off  and  brought  to  a  strength  of  50 

Percent 

Since  zinc  oxide  is  to  be  had  in  commerce  of  great  purity  and 
^t  a  reasonable  price,  it  is  probably  almost  as  economical  to  pre- 
p«u:e  the  chloride  by  saturating  the  acid  with  oxide  as  follows  : 


ZnO    +    2HCI 

—    ZnCla    -f-    HjO. 

Zhic      HydinAlBCj 

Ip         Zinc             Water. 
ki^Chloride.     .^t^^ 
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The  dilute  solution  of  zinc  chloride  may  be  filtered  through 
paper,  but  when  more  concentrated  it  should  be  filtered  through 
asbestos,  or  allowed  to  stand  until  clear  and  then  decanted. 

In  order  to  obtain  the  dry  salt,  the  solution  is  evaporated  in  a 
porcelain  dish  on  a  sand-bath  until  it  becomes  syrupy,  and  is  then 
carefully  brought  to  dryness.  Some  oxychloride  is  formed  during 
the  evaporation,  which  may  be  diminished  by  the  cautious  addi* 
tion  of  hydrochloric  acid  from  time  to  time.  The  dried  salt  may 
be  still  further  purified  by  distillation. 

Properties. — Zinc  chloride  is  found  in  commerce  as  a  white, 
granular  powder,  or  in  irregular,  porcelain-like  masses,  or  it  may 
be  obtained  moulded  into  sticks.  It  is  odorless,  intensely  caustic, 
and,  when  dissolved  in  sufficient  water  to  make  tasting  possible, 
has  an  astringent,  metallic  taste.  It  is  very  deliquescent ;  soluble 
in  0.3  part  of  water  at  15°,  and  very  soluble  in  alcohol.  When 
heated  to  115®  the  salt  melts,  and  at  a  higher  temperature  it  is 
volatilized  with  some  decomposition,  leaving  a  residue  of  oxy- 
chloride and  oxide.  The  official  salt  leaves  a  clear  solution  with 
water,  and  this  solution  on  prolonged  boiling  deposits  a  basic 
salt.  The  syrupy  solution,  on  the  addition  of  a  few  drops  of 
hydrochloric  acid,  deposits  octohedral  crystals,  containing  one 
molecule  of  water  of  crystallization.  The  official  solution  has 
a  specific  gravity  of  1.535  at  15°,  and  reacts  acid  with  litmus 
paper. 

The  concentrated,  aqueous  solution  attacks  cellulose,  and  can- 
not, therefore,  be  filtered  through  paper. 

Uses. — Zinc  chloride  in  solution  is  largely  used  as  an  anti- 
frcptic  and  disinfectant.  It  enters  into  the  composition  of  most 
embalming  fluids,  and  constitutes  the  well-known  Burnett's  dis- 
infecting liquid.  A  solution  of  100  parts  of  zinc  chloride  in  12 
parts  of  water,  saturated  with  6  parts  of  potassium  iodide,  and 
then  as  much  iodine  added  as  the  solution  will  dissolve,  fiimishes 
a  valuable  microscopic  reagent  for  cellulose,  with  which  it  gives 
a  blue  color.  A  commercial  solution  of  calamine,  zinc  blende,  or 
the  impure  metal  in  hydrochloric  acid,  is  used  to  impregnate  wood 
to  effect  its  preservation.  The  purified  salt  has  some  use  in 
medicine  as  an  antispasmodic  and  alterative,  and  also  as  an 
escharotic. 

Zinc  Bromide,  ZnEr^.  Zinci  Bromidum,  U.  S.  P. — ^The  aque- 
ous solution  is  easily  prepared  by  gently  warming  a  mixture  of 
zinc,  bromine,  and  water.  The  same  precautions  are  to  be  ob- 
served, in  obtaining  the  dry  salt  from  this  solution,  that  werw 
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noted  under  the  chloride.     The  dry  salt  may  be  purified  by  sub- 
lixnation,  when  it  is  obtained  in  white,  acicular  crystals. 

Properties. — Zinc  bromide  is  found  as  a  white,  granular  pow- 
der, odorless,  and  having  a  sharp,  saline,  and  metallic  taste.  It 
a  very  deliquescent  salt,  readily  soluble  in  water  and  alcohol, 
the  application  of  heat  the  salt  fuses  at  394°,  and  at  higher 
t^zoiperatures  it  sublimes.  The  aqueous  solution  reacts  acid  to- 
^v^rd  litmus  paper. 

The  chief  use  of  zinc  bromide  appears  to  be  for  the  treatment 
o^     epilepsy. 

inc  Iodide,  Znlg.    Zinci  lodidum,  U.  S.  P. — Zinc  and  iodine 

dily  unite  when  heated  together,  and  the  salt  may,  by  this 

I^*"^x:ess,  be  obtained  in  the  solid  state,  which,  on  heating,  yields 

salt  as  a  sublimate  of  white,  acicular  crystals.     A  watery  so- 

tion  is  obtained  by  digesting  a  mixture  of  i  part  granulated  zinc, 

ii»>arts  of  iodine,  and  10  parts  of  water.    When  the  watery  solution 

evaporated  in  a  vacuum  it  yields  the  salt  in  octohedral  crystals. 

X'roperties. — Zinc  iodide  occurs  as  a  white,  granular  powder, 

,  and  having  a  sharp,  saline,  and  metallic  taste.     It  is 

^ry  deliquescent,  and,  when  exposed  to  the  air,  first  liquefies, 

cd  then  absorbs  oxygen,  with  liberation  of  iodine  and  the  pro- 

'-icztion  of  a  brown  color.     Water,  alcohol,  and  ether  all  readily 

ve  it.     The  aqueous  solution  reddens  blue  litmus  paper. 

the  application  of  heat  to  zinc  iodide  it  melts  at  about  440°, 

at  a  higher  temperature  it  sublimes  with  some  decomposition, 

*~xning  quadratic  needles,  and  leaving  a  residue  of  zinc  oxide. 

inc  iodide  has  some  use  in  medicine. 

ZINC  AND  OXYGEN. 

Sw  Oxide,  ZnO.     Zinci  Oxidum,  U.  S.  P. — Zincite,  or  red 

of  zinc,  occurs  with  other  zinc  minerals  at  Mine  Hill,  New 

Its  red  color  appears  to  be  due  to  manganese. 

line  oxide  is  prepared  on  a  large  scale  by  heating  the  metal  in 

lenware  retorts ;  the  vapors  in  contact  with  air  ignite,  and 

conducted  into  large  chambers,  where  deposition  of  the  oxide 

place.     The  product  is  the  commercial  zinc  white.     For 

t^lisuinaceutical  purposes  the  oxide  is  usually  prepared  by  heating 

^He  basic  carbonate  to  low  redness,  when  the  following  reaction 

place: 

2ZnCOa.3Zn(OH)a    =    sZnO    -h    aCOj    +    aHjO. 

giMie  9.*mt*  rarhmiate.  Carbon  Water. 

Dioxide. 
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It  is  Stated  that  a  temperature  of  280**  to  300®  is  sufficient  to 
accomplish  the  above  reaction  ;  too  high  a  temperature  does  not 
yield  as  satisfactory  a  product.  The  oxide  was  formerly  known 
as  Lana  Philosophical  Nihilum  Alburn^  and  Nix  Alba. 

Properties. — Zinc  oxide  is  a  white,  amorphous  powder,  with- 
out odor  or  taste.  It  is  insoluble  in  water  or  alcohol,  but  is  solu- 
ble, without  effervescence,  in  dilute  acids ;  it  is  also  soluble  in 
ammonia  water,  and  in  solution  of  ammonium  carbonate.  When 
heated  zinc  oxide  becomes  yellow  in  color.  It  is  practically  in- 
fusible, but  in  a  stream  of  oxygen,  at  very  high  temperatures,  it 
becomes  crystalline  in  character.  On  exposure  to  the  air  it 
gradually  absorbs  carbon  dioxide. 

Uses. — Zinc  oxide,  when  ground  with  oil,  is  extensively  used 
as  a  paint.  It  has  the  advantage  of  not  darkening  in  the  presence 
of  sulphur  compounds.  It  is  also  less  injurious  to  the  workmen. 
It  is  one  of  the  most  economical  and  satisfactory  compounds  ih)m 
which  to  prepare  the  various  salts  of  zinc,  and  is  considerably 
used  in  medicine. 

Zinc  Hydrate,  Zn(OH)s,  is  obtained  as  a  white  precipitate  when  sodium 
or  potassium  hydrate  is  added  to  a  solution  of  zinc  sulphate.  It  is  readily 
soluble  in  excess  of  the  reagent,  forming  zincates,  as  2^(ONa)g. 

When  the  above  zincate  solution  is  boiled  the  hydrate  is  thrown  down. 

On  immersing  a  strip  of  zinc  in  ammonia  water  the  hydrate  is  slowly 
deposited  in  the  form  of  rhombic  prisms,  and  if  a  saturated  solution  of 
the  potassium  zincate  be  allowed  to  stand  for  some  time  octohedral 
tals  will  be  deposited,  having  the  formula  Zn(OH),.HaO. 

OXYGEN  SALTS  OF  ZINC 

Zinc  Sulphate,   ZnSO^.yH^O.     Zinci  Sulphas,  U.S.  P. 
Under  the  name  of  white  vitriol  this  salt  was  known  in  the  fif-^ 
teenth  century.     It  was  prepared  by  lixiviation  of  roasted  zincs 
blende,  a  process  which  b  used  on  the  large  scale  at  the  presenr 
time. 

The  sulphate  is  also  made  by  dissolving  the  metal  or  zini» 
white  in  dilute  sulphuric  acid,  and  purifying  by  recrystallizatioii 


ZnO    -f    HaS04 

=    ZnSO^    +    H.O. 

Zinc             Sulphuric 

Zinc               Water. 

Oxide.             Acid. 

Sulphate. 

Of  course  an  indefinite  amount  of  water  is  used  in  this  rea* 
tion. 

Properties. — Zinc  sulphate,  containing  7  molecules  of  wat 
of  crystallization,  occurs  in  colorless,  transparent,  rhombic 
tals,  without  odor,  and  with  an  astringent,  metallic  taste. 
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crystals  effloresce  in  dry  air.  The  salt  is  soluble  in  0.6  part 
of  water  at  15**,  and  in  0.2  part  of  boiling  water,  also  soluble 
in  3  parts  of  glycerin,  but  insoluble  in  alcohol. 

It  melts  in  its  water  of  crystallization  when  rapidly  heated,  and 
may  be  partly  decomposed  at  higher  temperatures.     On  applying 
heat  gradually,  5  molecules  of  water  are  driven  off  at  50°  (31.3 
per  cent.)  without  melting.     At  100°  the  sixth  is  lost,  and  at 
no**,  in  a  current  of  dry  air,  the  salt  becomes  anhydrous.     It 
loses  6  molecules  of  water  in  a  vacuum.     Monoclinic  crystals, 
containing  only  6  molecules  of  water,  may  be  obtained  by  having 
crystallization  take  place  from  concentrated  solutions  and  above 
jo°.     A  salt  having  the  composition  ZnS04.  H^O  may  also  be 
obtained  from  the  hot,  concentrated  solution.     The  aqueous  so- 
lution of  zinc  sulphate  has  an  acid  reaction.     Basic  salts  may  be 
obtained  by  boiling  concentrated  solutions  of  zinc  sulphate  with 
metallic  zinc  or  with  zinc  oxide. 

Uses. — Zinc  sulphate  is  used  in  medicine  ;  in  small  doses  as 
a.  t:onic  and  astringent,  in  larger  doses  as  an  emetic.  It  has  the 
property,  common  to  all  the  other  zinc  salts,  of  acting  as  an  irri- 
poison  in  large  doses.  The  salt  is  also  used  in  finishing 
goods. 


Inc  NUraie^  Zn(N08)a.6H20,  forms  deliquescent  crystals  when  i  part 

ainc  oxide  is  dissolved  in  6.5  parts  of  nitric  acid  of  25-per-cent. 

^ngth.    The  process  by  which  the  metal  is  dissolved  in  nitric  acid  is 

employed,  since  a  part  of  the  acid  is  decomposed  and  lost  in  the  re- 

on.    The  crystals  of  zinc  nitrate  form  in  colorless,  striated,  four-sided 

very  soluble  in  water  and  in  alcohol.    When  heated,  the  salt 

nitric  add  and  becomes  converted  into  a  basic  nitrate. 

'inc  HyPqphosphiU,  Zn(HaPOa)a.HaO,  is  formed  by  dissolving  zinc 

in  hypophosphorous  acid  and  evaporating.    It  forms  in  permanent, 

Ombohedric  crystals. 

PhospfuUe^  Zn3(P04)s.4HsO,  is  obtained  as  a  white,  nearly  insol- 
precipitate,  by  the  addition  of  sodium  phosphate  solution  to  a  solu- 
of  zinc  sulphate : 

l^a,HP04    +    3ZnS04    =    Zn8(P04)a    +    2NaaS04    +    HaS04. 

is  precipitate  is  gelatinous  when  first  formed,  but  becomes  crystalline 
standing. 

'vac  Arseniie^  Zn(AsOg)2,  and  Zinc  Arsenate,  Zn3(As04)a.3H20,  are 
own.    The  latter  in  many  respects  resembles  the  phosphate. 
^inc  SiHcate^  Zn^i04,  occurs  native  as  willemite,  and  the  same  com- 
^>oUf^,  with  I  molecule  of  water,  occurs  as  silicious  calamine. 

Zinc  CarbonaU.    Zinci  Carbonas  Prsecipitatus,  U.  S.  P. — 
TlUs  c^^po^u^  is  of&cially  defined  as  **an  impalpable  powder, 
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of  somewhat  variable  chemical  composition."  The  true  C 
ZnCO,,  occurs  native  as  zinc-spar,  in  hexagonal  prisms,, 
sive  as  smithsonite,  hardly  to  be  distinguished  from  cala 
may  be  prepared  by  precipitating  a  solution  of  zinc  sd 
the  cold  with  a  solution  of  acid  potassium  carbonate  in  i 

The  official  basic  carbonate  is  not  of  constant  compos 
is  generally  expressed  as  consisting  of  2  molecules  of  nOl 
carbonate  and  3  molecules  of  zinc  hydrate,  aZnC03.3Z< 

To  prepare  it,  i  part  of  sodium  carbonate  is  dissoty 
parts  of  water  and  heated  lo  the  boiling  point ;  to  it  is  tlu 
in  a  thin  stream  so  as  not  to  interfere  with  tlie  boiling,  l^ 
of  I  part  of  zinc  sulphate  in  10  parts  of  water.  The  pq 
should  be  such  that,  after  all  the  zinc  solution  has  bee 
the  mixture  has  a  weak,  alkaline  reaction.  The  following^ 
the  reaction  which  occurs  :  | 

5lZnSO,.7HgO)    +    5(Na,CO,.  loHjO) 

ZlncSulpbalc.  Sodium 


sNatSq.    +    3COa 

Sodium  Ciibon 

Sulpbiltc.  Dioxide, 

The  precipitate  is  first  washed  with  hot  water  by  defl 
and  afterwards  collected  on  a  filter  and  washed  with  ] 
until  the  washings  cease  to  give  a  reaction  with  barium  i 

Properties. — Basic  zinc  carbonate  is  an  impalpable,  aq 
powder,  permanent  in  the  air,  and  almost  absolutely  im 
water  or  alcohol ;  dilute  acids,  ammonia  water,  and  aq 
ammonium  carbonate  dissolve  it  freely.  It  is  also  solublj 
containing  carbon  dioxide.  At  about  300°  the  salt  la 
and  carbon  dioxide,  and  is  converted  into  zinc  oxidCfi 
yellow  while  hot,  but  becomes  white  when  c 

Zinc  Sulphide,  ZnS. — Zinc  blende  is  found  nat 
ing  to  the  regular  system,  or  massive.     The  color  varies  fi 
brown  to  a  deep  black,  depending  on  the  amount  of  ii 
also  rarely  found  in  nature  as  the  mineral  wurtzite.  in  hexagoi 

Wlien  hydrogen  sulphide  is  passed  into  a  neutral  solution  ofj 
the  sulphide  is  formed  as  a  white,  amorphous  precipitate.  T| 
converted  into  hexagonal  crystals  by  healing  in  a  current  of] 
or  when  zinc  oxide  is  heated  in  a  current  of  hydrogen  suIphi^M 

Zinc  sulphide  b  soluble  in  the  dilute  mineral  acids,  but  id 
acetic  acid.  j 

Zinr  Phosphide.  Zn,P,.  Zinci  Phosphidum,  U.S.I 
tained  as  a  gray  mass  by  heating  powdered  zinc  in  the) 
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phosphorus.  It  should  be  preserved  in  small,  glass-stoppered 
vials.  Zinc  phosphide  is  **  a  gritty  powder  of  a  dark  gray  color, 
or  crystalline  fragments  of  a  dark,  metallic  lustre,  and  having  a 
&int  odor  and  taste  of  phosphorus.  In  contact  with  the  air  it 
slowly  emits  phosphorous  vapor. 

**  Insoluble  in  water  or  alcohol.  Soluble  in  diluted  hydro- 
diloric  or  sulphuric  acid  with  evolution  of  hydrogen  phosphide. 

**When  strongly  heated,  with  exclusion  of  air,  it  melts,  and 
finaUy  sublimes.  When  heated  in  air,  it  becomes  oxidized  to  zinc 
phosphate."— U.  S.  P. 

Uses. — Zinc  phosphide  is  employed  in  medicine.  Its  physio- 
io^cal  properties  so  closely  resemble  those  of  phosphorus  that 
it  is  used  as  a  convenient  method  of  administering  that  element. 

CADMIUM. 

Symbol,  Cd.  Atomic  IVeigfUf  11 1.5.  Valence,  II. 

Kistory. — Cadmium  was  discovered  in  1817  by  Stromeyer  of  Gottin- 
Hermann  of  Schonebeck  discovered  it  independently  and  at  about 
^  same  time. 

Occurrence. — Cadmium  is  found  in  small  quantity  in  a  number  of  zinc 
s,  and  chiefly  as  sulphide.    The  fibrous  zinc  blende  found  at  Przibram, 
»hemia,  contains  from  2  to  3  per  cent,  of  cadmium.    The  rare  mineral 
"*^enockite  consists  almost  entirely  of  cadmium  sulphide.    It  is  found 
t    Bishopstown,  in  Scotland,  at  the  Ueberoth  zinc  mine  near  Friedens- 
~  le,  in  Pennsylvania,  and  at  Granby  and  Joplin,  Missouri. 
Preparation. — In  the  preparation  of  zinc  from  ores  which  contain  cad- 
vm  the  latter  metal  distils  first,  and  by  saving  this  first  portion,  mix- 
it  with  coal,  and  distilling  it  at   the  lowest  possible  temperature,  a 
^stillate  is  obtained  very  rich  in  cadmium,  while  the  zinc  remains  be- 
*^i»id.    This  is  rendered  possible  by  the  boiling  point  of  cadmium  being 
*,  while  that  of  zinc  is  940°.    The  cadmium  is  finally  separated  from 
L«  zinc  by  dissolving  in  hydrochloric  acid,  having  the  latter  in  slight  ex- 
i,  and  passing  in  hydrogen  sulphide ;  the  cadmium  sulphide  is  precipi- 
I,  while  the  zinc  remains  in  solution  in  the  presence  of  the  free  acid, 
cadmium  sulphide  is  dissolved  in  hot  concentrated  hydrochloric 
^c^id,  and  the  cadmium  precipitated  as  carbonate  by  an  excess  of  solution 
ammonium  carbonate,  by  which  means  the  copper  and  arsenic  are 
in  solution.     The  cadmium  carbonate  is  washed,  dried,  and 
^^onverted  by  heat  into  cadmium  oxide,  which,  by  distillation  with  coal, 
Vields  the  metal. 

Properties. — Cadmium  is  usually  found  in  commerce  in  sticks.    It  is  a 

"^"^liite,  lustrous  metal,  with  a  fibrous  fracture.    When  pure  it  is  malleable 

and  ductile.    Its  specific  gravity  is  8.6  to  8.7.    It  melts  at  320.7°,  and  boils 

at  760**.  When  heated  with  access  of  air  it  bums,  giving  off  a  brown  vapor. 

Most  of  the  acids  dissolve  it  readily.    Its  salts  are  colorless.    In  many  of 

their  properties  the  salts  of  cadmium  are  identical  with  those  of  zinc. 
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COMPOUNDS  OF  CADMIUM. 

Cadmium  Chloride,  CdClj.aHjO,  Cadmium  Bromide,  CdBr9.4H20,  and 
Cadmium  Iodide,  Cdlg,  are  colorless,  soluble  salts,  which  are  prepared 
similarly  to  the  corresponding  zinc  salts.  The  chloride  is  made  by  dis- 
solving the  metal  or  oxide  in  hydrochloric  acid,  while  the  bromide  and 
iodide  are  prepared  by  digesting  the  metal  with  bromine  and  iodine  re- 
spectively in  the  presence  of  water.  These  salts  are  moderately  soluble  ^^E\t 
in  alcohol,  easily  soluble  in  water,  but  not  deliquescent.  They  form  m-m-m-m 
double  salts  with  the  salts  of  the  alkalies,  and  cadmium  potassium  iodide,  ^  :^=»  Je, 
Cdl2,2KI.2H20,  is  a  useful  reagent  for  alkaloids.  Cadmium  iodide  has  ^=s^m^2S 
some  use  in  photography. 

Cadmium  Oxide ^  CdO,  forms  as  a  brown,  infusible,  amorphous  pow — '^^^^^- 
der,  when  cadmium  is  burned  in  the  air,  or  by  ignition  of  the  carbonate=a^.^.^te 
or  nitrate. 

Cadmium  Hydrate,  Cd(OH)a,  is  prepared  by  precipitation  of  a  soluble f<=±>le 
cadmium  salt,  by  potassium  or  sodium  hydrate.  It  forms,  when  col- J  *i:» col- 
lected and  dried,  a  white,  amorphous  powder,  which  at  300°  loses  water  :=^:J'-iter 
and  is  converted  into  oxide. 

Cadmium  Sulphate,  CdS04. — This  salt  was  official  in  the  Pharmacod^^^-ico- 
pceia  of  1870,  but  since  that  time  it  and  the  other  salts  of  cadmium  hav^ '.^' -^=ave 
practically  ceased  to  have  any  use  in  medicine.  To  prepare  this  salt,  10  m.  «,  10 
parts  of  cadmium  in  small  pieces  are  placed  in  a  porcelain  dish  with  10  partr.S~w  .^sarts 
of  pure  sulphuric  acid  and  40  parts  of  water.  The  mixture  is  warmeo^^  «-«nec 
until  solution  is  effected,  and  the  solution  is  filtered  and  evaporated  to^  ^  ^^ 
crystallize.  On  account  of  the  slowness  with  which  sulphuric  acid  actt*::^-^**^ 
on  cadmium,  the  metal  is  sometimes  first  dissolved  in  nitric  add,  and  th^«^^  ^ 
hydrate  is  precipitated  from  the  resulting  nitrate  by  sodium  hydrate,  ano^^-^^*'*^ 
then  dissolved  in  the  sulphuric  acid. 

Properties. — Cadmium  sulphate  crystallizes  in  large,  colorless,  mono^o*^*^*^ 
clinic  crystals,  having  the  composition  3CdS04.8H20.  They  are  pei  m,^^>^^9^ 
manent  in  the  air,  easily  soluble  in  water,  and  the  aqueous  solution  hat.^'^  ^ 
an  acid  reaction.  The  sulphates  of  the  alkalies  and  of  the  alkaline 
yield  with  cadmium  sulphate  well-crystallized  double  salts.  It  has 
used  as  an  astringent  in  diseases  of  the  eye. 

Cadmium  Nitrate,  Cd(N03)a.4Ha0,  is  obtained  by  dissolving  the  meta^K:^^^^ 
in  nitric  acid.  It  crystallizes  in  fibrous  needles,  which  are  very  deliquc^5^*^-w«- 
cent,  and  are,  therefore,  very  soluble  in  water ;  soluble  also  in  alcohol.      -  J^^- 

Cadmium  Carbonate. — ^The  normal  salt  CdCOg  appears  not  to  be  knowir ' 
The  basic  salt  is  obtained  by  precipitating  solution  of  cadmium  sulphar. 
with  sodium  carbonate.     It  has  a  variable  composition,  and  in  othi 
respects  resembles  the  corresponding  zinc  salt 

Cadmium  Sulphide,  CdS,  is  obtained  as  a  yellow  powder,  insoluble 
hydrochloric  acid.  It  is  used  as  a  pigment  under  the  names  of  Kht^ 
yelloiv  and  jaune  brillant. 


CHAPTER  IV. 

THE  SILVER  GROUP. 

SILVER  (Argentum). 

Symbol,  Ag.  Aiomic  Weighty  107.66.  Valence,  I. 

History. — Silver  was  one  of  the  earliest  known  metals.  It 
was  the  Luna  or  Diana  of  the  alchemists. 

Occurrence. — Native  silver  is  found  to  some  extent ;  large 
masses  have  been  found  in  Norway,  in  Peru,  and  in  Western 
United  States.  In  the  Lake  Superior  district  it  occurs  associated 
with  copper,  but  not  alloyed  with  it,  which  points  to  the  fact  that 
deposition  has  taken  place  from  solution.  In  combination  silver 
occurs  most  abundantly  as  sulphide,  argentite,  or  silver  glance^ 
AggS.  In  other  minerals  it  is  associated  with  lead,  copper,  anti- 
mony, gold,  and  mercury.  The  rarer  minerals  containing  silver 
are  the  combinations  of  it  with  the  halogens,  chlorine,  bromine, 
and  iodine  ;  the  compound  with  chlorine  is  known  as  horn  silver. 
Small  quantities  of  silver  occur  in  nearly  all  lead  ores,  and  al- 
though the  amount  appears  to  be  small,  nevertheless  the  quantity 
extracted  from  this  source  is  very  considerable.  Silver  occurs  in 
sea  water,  and  in  the  ash  of  some  land  plants. 

Extraction. — Metallic  silver  is  extracted  from  its  ores  by  sev- 
eral different  processes,  the  most  important  of  which  are :  (i) 
7)1^  Cupellation  Process,  (2)  The  Amalgamation  Process,  (3) 
Extraction  in  the  Wet  Way,  (4)  Electrolytic  Process, 

(i)  The  Cupellation  Process  is  the  oldest,  and,  with  modifica- 
tions to  suit  the  ores  in  different  localities,  it  is  still  in  use.     It  is 
employed  in  the  separation  of  silver  from  lead.     When  the  lead 
is  suffidently  rich  in  silver  it  is  cupelled  at  once,  but  oftener  it  is 
necessary  first  to  remove  the  large  excess  of  lead  ;  this  is  accom- 
plished by  the  Pattinson  process,  which  consists  in  melting  the 
lead  in  an  iron  vessel  and  allowing  it  to  cool  slowly.     Crystals 
of  pure  lead  first  separate,  which  are  constantly  removed  by  per- 
forated ladles,  and  this  is  continued  until  but  one- third  of  the 
metal  in  the  pot  remains.    If  then  it  is  sufficiently  rich  in  silver  it 
is  removed  and  cupelled.    Instead  of  removing  the  excess  oflead 
by  Pattinson's  process,  the  metal  may  be  melted  and  zinc  added 
in  about  the  proportion  of  18  parts  of  zinc  for  every  i  part  of 
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diver  present.     The  zinc  alloys  with  the  silver,  rises  to  the  top, 
and  may  be  removed  as  a  solid  cake.     This  cake  is  then  heated 
to  redness  in  a  current  of  air,  by  which  the  zinc  is  oxidized,  and       ^ 
may  be  removed  from  the  silver  by  washing  with  water. 

The  alloy  of  silver  and  lead  obtained  in  the  above  processe3g=»>.^ 
is  fused  on  the  hearth  of  a  reverberatory  furnace,  the  bottom  oT^fc-^f 
which  is  covered  with  bone-ash  or  with  a  kind  of  clay.  Such  ^b  a 
fiimace  is  shown  in  section  in  Fig.  74.     ^  is  the  liirnace,  A  th»  .^r^t 


Fig.  74. 


silver  cupellKllon  luinace  c 

hearth,  a  a  entrances  for  the  blast  of  air,  and  *  the  worldng  dooi***^^ 
A  rapid  current  of  air  is  introduced  over  the  molten  metal  o»*^ 
the  hearth,  by  which  the  lead  is  oxidized,  and  either  flows  ofC%" 
through  lateral  openings  or  is  skimmed  off  by  workmen  througH"^*"^   7' 
the  door  b.    Towards  the  end  of  the  operation,  the  temperaturw**^    i 
b  raised  from  a  dark-red  to  a  cherry-red  heat,  the  sur&ce  of  th»*** 
metal  is  covered  with  iridescent  fihns,  but  at  last  they  disappear""**"-^ 
and  the  metal  then  takes  on  the  brilliant  silver  appearance  knowW^^''*^ 
as  fulguration.     Fig.  75  shows  an  exterior  view  of  the  same  fiir**'* 
nace,  g  in  this  case  being  the  working  door,  through  whid^>'-*^'' 
access  is  gained  to  skim  the  oxide  from  the  metal. 

(2)  The  Ama/gamatioH  Process  varies  somewhat  according  t»*    "2S  " 
the  locality  in  which  it  is  conducted.     That  formerly  employed  ^s    -fc*  ^^ 
Freiberg  consists  in  roasting  the  finely-ground  ore  with  commo<:^  f*noa 
salt,  on  the  floor  of  a  reverberatory  furnace  ;  the  mass  is  the^'"'*^'' 
again  ground  very  fine,  placed  in  a  cask  with  scrap-iron  anc"*-*^"*' 
water,  and  agitated  by  machinery.     The  silver  ore  is  convert^.:*    ^^ 
into  chloride  in    the  roasting  process,  and  this  reacts  wh^  ^r^ai 
brought  in  contact  with  tiie  iron  as  follows  : 
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aAgNOa    -f    2NaOH    =    AgjO    +     2NaN08    +     HjO. 

Silver  Sodium  Silver  Sodium  Water. 

Nitrate.  Hydrate.  Oxide.  Nitrate. 

The  precipitate  is  first  washed  by  decantation,  then  on  a  filter, 
until  the  washings  cease  to  give  a  reaction  for  nitric  acid,  and 
finally  dried  in  the  dark  at  ordinary  temperatures. 

Properties. — Silver  oxide  is  a  heavy,  dark-brown  or  black 
powder,  according  to  the  method  of  preparation  ;  the  darker 
product  fa  obtained  when  precipitation  has  taken  place  fi*om  hot 
concentrated  solutions,  or  when  the  drying  has  been  conducted 
at  temperatures  at  or  above  70®.  It  fa  slightiy  soluble  in  water, 
to  which  it  imparts  an  alkaline  reaction,  insoluble  in  alcohol,  and 
completely  soluble  in  nitric  acid  without  effervescence.  The 
aqueous  solution,  in  addition  to  its  alkaline  reaction,  has  a  metal- 
lic taste,  and  may  be  assumed  to  contain  silver  hydrate,  AgOH. 
When  heated  to  250**  or  300®,  it  fa  decomposed  into  metallic 
silver  and  oxygen. 

In  the  fi-eshly-precipitated,  moist  condition  silver  oxide  fa  more 
active  than  the  same  compound  after  it  has  been  dried  and  then 
moistened.  In  the  fi^eshly-precipitated  state  it  decomposes  sol- 
uble chlorides,  precipitates  oxides  fi'om  many  metallic  salts,  and 
absorbs  carbon  dioxide  from  the  air. 

Silver  oxide  should  not  be  triturated  with  antimony  sulphide, 
arsenic  sulphide,  precipitated  sulphur,  amorphous  phosphorus, 
tannin,  or  other  easily  oxidizable  substances,  since  such  mixtures 
readily  inflame.  Silver  oxide  fa  soluble  in  concentrated  solu- 
tion of  ammonia,  and  on  diluting  this  solution  with  water,  black 
crystafa  of  ammoniO'Silver  oxide  (Berthollet's  fulminating  silver) 
separate ;  these  on  drying  become  very  explosive  ;  for  this  reason 
the  precaution  should  be  observed  not  to  bring  silver  oxide  in 
contact  with  ammonia. 

Silver  oxide  has  some  use  in  medicine,  but  its  greatest  value  is 
as  a  laboratory  reagent,  where  it  fa  employed  in  the  freshly- pre- 
cipitated condition. 

Silver  Peroxide^  AggOa,  is  also  knou-n,  having  been  obtained  by  elec* 
trolysfa  of  the  nitrate  in  solution.  It  should  not  be  brought  in  contact 
with  sulphur,  phosphorus,  organic  substances,  or  ammonia.  On  the 
application  of  heat  it  decomposes  into  oxygen  and  the  metaL 

OXYGEN  SALTS  OF  SILVER. 

Silver  ChlorcUey  AgClO,,  is  prepared  by  dissohnng  silver  oxide  in  chloric 
acid.  It  forms  small,  quadratic  cr>'stals,  soluble  in  10  parts  of  water. 
Rapid  heating,  pressure,  or  concussion  causes  the  salt  to  explode. 
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water,  common  saSt,  copper  sulphate,  and  mercury  is  used  ;  the 
mixing  is  almost  in\ariably  accomplished  by  mules,  with  inten'als 
of  allowing  it  to  stand,  so  that  from  two  weeks  to  two  months 
are  frequently  required  to  effect  the  amalgamation  of  the  silver. 

(3)  Extraction  in  the  Wet  Way  is  accomplished,  according  to 
Ziervogel's  process,  by  roasting  the  ores,  which  usually  contain 
sulphur,  iron,  and  copper,  at  such  a  temperature  that  the  sul- 
phates of  iron,  copper,  and  silver,  which  are  formed,  are  not  all 
decomposed,  but  only  the  salts  of  iron  and  copper.  The  niaa 
is  then  lixiviated  with  water,  which  dissolves  the  silver  sulphate 
and  leaves  the  insoluble  oxides  of  iron  and  copper  behind.  The 
silver  is  removed  from  the  solution  by  precipitation  with  metallic 
copper.  A  modification  of  this  process  consists  in  roasting  with 
common  salt,  whereby  silver  chloride  is  formed,  and  is  washed 
out  from  the  mass  by  a  solution  of  sodium  thiosulphate :  from 
this  solution  the  silver  is  precipitated  as  sulphide  by  sodium  sul- 
phide, and  the  silver  sulphide  is  reduced  to  metal  by  heating  to 
a  high  temperature  in  a  current  of  air. 

(4)  The  Electrolytic  Process. — This  method  is  used  to  separate 
silver  from  the  native  copper  and  copper  oxide  with  which  it 
occurs.  The  two  poles,  one  of  native  copper  oxide,  CuO,  and 
the  other  of  native  copper,  are  immersed  in  a  bath  of  acid  copper 
sulphate,  and  a  strong  current  from  a  dynamo  is  sent  through  the 
solution,  whereby  the  noble  metals  are  dissolved  from  the  cop- 
per oxide  and  deposited  on  the  anode  in  powder.  This  process 
has  not  been  developed  to  that  degree  to  secure  for  it  any  ex- 
tended use  as  yet. 

Preparation  of  Pure  Silver.— The  metal  obtained  by  the 
above  processes  is  still  contaminated  with  copper,  and  sometimes 
also  with  gold  and  platinum.  To  effect  its  purification,  it  is  dis- 
solved in  nitric  acid,  which  leaves  gold  undissoK'ed,  and  from  this 
filtered  solution  the  silver  is  precipitated  by  hydrochloric  acid. 
The  washed  and  dried  chloride  is  fused  with  an  excess  of  sodium 
carbonate,  and  the  pure  metal  collects  at  the  bottom  of  the 
crucible. 

Another  method  consists  in  reducing  the  chloride  by  laying  it 
on  plates  of  zinc  and  covering  it  with  dilute  hydrochloric  acid. 
The  metal  is  thereby  obtained  in  a  finely -divided  state,  in  which 
form  it  has  some  uses  in  the  laboratory. 

Properties, — Silver  is  a  pure  white,  lustrous  metal,  capable 
of  taking  a  high  polish.  In  some  conditions,  for  instance,  that  in 
which  it  is  obtained  from  some  organic  silver  salts,  it  has 
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porcelain -like  color,  owing  to  the  roughness  of  its  surface,  and  is 
devoid  of  lustre. 

The  native  silver  is  sometimes  found  in  small  crystals  of  the 
regular  system.  Of  all  the  metals  silver  is  the  best  conductor  of 
heat  and  electricity.  In  hardness  it  stands  between  copper  and 
gold.  In  malleability  and  ductility  it  is  inferior  only  to  gold  ;  it 
has  been  beaten  into  leaf  0.00025  millimeter  in  thickness,  and 
drawn  into  wire  of  such  fineness  that  180  metres  weigh  o.  i 
gramme.  In  very  thin  films,  as  when  deposited  on  glass  from 
soludon,  it  transmits  blue  light.  Ordinarily  the  specific  gravity 
of  silver  is  10.424.  but  when  distilled  it  has  a  specific  gravity  of 
•0-575- 

Silver  fiises  at  a  temperature  of  about  1040",  and  at  an  intense 
while  heat,  such  as  is  obtained  from  the  oxyhydrogen  lamp,  it 
distils.  When  melted  in  air,  pure  silver  absorbs  22  times  its 
volume  of  oxygen,  which  it  gives  out  again  at  the  moment  of 
solidification  ;  this  is  sometimes  accompanied  with  the  projection 
of  small  particles  of  the  metal,  and  is  termed  the  spitting  of 
silver. 

When  exposed  to  the  atmosphere  or  to  water,  silver  remains 
unchanged,  but  in  the  presence  of  a  small  quantity  of  ozone  it 
becomes  coated  with  a  thin  layer  of  oxide.  The  darkening, 
which  sometimes  takes  pLice  when  silver  is  exposed  to  the  air,  is 
due  to  small  quantities  of  hydrogen  sulphide. 

Nitric  acid  is  the  best  solvent  of  silver.  The  compact  metal  is 
only  slightly  attacked  by  hydrochloric  or  dilute  sulphuric  acid 
even  at  the  boiling  temperature.  !n  the  presence  of  potassium 
permanganate  the  metal  Ls  dissolved  by  dilute  sulphuric  acid. 

The  finely-divided  metal  is  slightly  attacked  by  hydrochloric 
acid  with  evolution  of  hydrogen  and  formation  of  silver  chloride  ; 
hydriodic  acid  acts  more  energetically  upon  it.  Concentrated 
sulphuric  acid  dissohes  silver  with  evolution  of  sulphur  dioxide 
and  formation  of  silver  sulphate. 

The  alkalies  have  little  or  no  action  on  silver  ;  potassium  or 
sodium  hydrate  maybe  fused  with  it,  and  fused  potassium  nitrate 
has  but  little  action  upon  it. 

Uses. — The  pure  metal  is  used  to  prepare  the  salts  of  silver, 
and  in  the  manufacture  of  certain  utensils  for  pharmaceutical  and 
chemical  purposes,  as  crucibles,  dishes,  wire,  foil,  etc.  For  many 
of  the  piiq>oses  to  which  siU'er  is  applied  it  is  too  soft  to  resist 
wear,  and  in  order  to  increase  its  hardness  it  is  alloyed  with  cop- 
per in  various  proportions.     In  the  United  States,  France,  Ger- 
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many,  and  Austria  the  proportion  of  copper  is  lo  per  cent,  and 

such  an  alloy  is  used  in  those  countries  for  coinage.     In  England  ^ 

the  proportion  employed  is  7.5  per  cent,  of  copper. 

The  term  ^?ie?iess  applied  to  silver  indicates  the  parts  per  -m:x 
thousand  of  pure  silver  in  the  alloy  ;  for  instance,  in  this  countr>'  ^^^y 
silver  coin  is  spoken  of  as  *'  900  fine  ;"  that  is,  90  per  cent,  silver  -rx  -sr 
and  10  per  cent,  copper. 

Electroplating. — This  is  a  process  in  which  a  thin  layer  of  "i^<iDf 
silver  is  deposited  on  metallic  surfaces  by  electrolysis.  The  object^:c^-ct 
to  be  coated  must  have  a  conducting  surface,  and  is  made  the^  ^-^e 
negative  pole  ;  a  bar  of  silver  acts  as  the  {>ositive  pole.  These^-^-^se 
electrodes  are  placed  in  a  solution  of  silver  cyanide  in  an  exces^t^-^iDss 
of  potassium  cyanide.  If  the  object  to  be  coated  is  properly^  ^-arly 
cleaned,  the  silver  will  be  deposited  on  it  as  a  coherent  layer  ;  at.fl^  at 
the  same  time  cyanogen  is  liberated  at  the  positive  pole  and  dis-^i  Jis- 
solves  the  silver,  thereby  keeping  the  silvering  solution  of  constant  iC-:K  .mnt 
strength. 

The  silvering  solution  used  in  electroplating  b  made  by  dis^-EJis- 
solving  I  part  of  silver  nitrate  in  50  parts  of  distilled  water  am^M-mnd 
mixed  with  a  solution  of  5  parts  of  potassium  cyanide  in  20 
of  distilled  water. 

Silvering  on  Glass. — When  alkaline  solutions  of  silver  salt:^ 
are  mixed  with   certain  organic  compounds  like  grape-suj 
Rochelle  salt,  etc.,  the  silver  is  deposited  on  the  surface  of  th. 
vessel  in  which  it  is  contained  as  a  thin,  coherent  film.     The  (oKl' 
lowing  process  will  yield  satisfactory  results  if  the  glass  be  fii 
thoroughly  cleaned  with  alkali,  and  then  washed  with  distille-" 
water  : 

Dissolve  7.8  grammes  of  silver  nitrate  in  60  c.c.  of  water,  an 
divide  the  solution  in  two  equal  portions.     Dissolve,  also,  3.  i 
grammes  of  Rochelle  salt  in  11 80  c.c.  of  water,  and  heat 
solution  to  the  boiling  point.     Add  to  it  gradually  (so  as  not 
stop  the  ebullition)  one  of  the  portions  of  silver  solution, 
some  10  minutes  longer,  cool,  and  decant  the  clear  liquid, 
the  other  half  of  the  silver  solution  add  just  sufficient  ammon. 
water  to  dissolve  the  precipitate  which  is  first  formed,  or  on 
leave  a  faint  cloudiness ;  then  add  360  c.c.  of  water  and  filt< 
Equal  portions  of  these  two  solutions,  when  mixed  and  poui 
on  glass,  will  deposit  a  brilliant  coating  of  silver  in  about 
minutes,  according  to  the  temperature  of  the  room.     The 
ing  of  silver  should  then  be  well  washed,  dried,  and  vamish< 
Plating  is  also  accomplished  by  a  number  of  mechanical  process—" 
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The  production  of  silver  for  the  year  1893  in  the  United  States 
amounted  to  60,500,000  troy  ounces,  valued  at  $78,220,450  at 
the  mines ;  this  is  about  40  per  cent,  of  the  output  of  the  whole 
world. 

SILVER  AND  THE  HALOGENS. 

Silver  Chloride^  AgCl,  k  found  native  as  kerargyrite,  or  horn 
silver,  in  Mexico,  Peru,  Chili,  and  in  various  parts  of  Germany. 
It  occurs  in  crystals  of  the  regular  system  or  in  pearl-gray,  trans- 
lucent, wax-like  masses.  Sea  water  contains  a  small  quantity  of 
silver  chloride. 

Preparation. — Pure  silver  chloride  is  prepared  by  precipi- 
tating a  solution  of  silver  nitrate  with  pure  hydrochloric  acid. 
The  precipitate  is  of  a  more  or  less  cheesy  consistence,  but  boiling 
or  long  standing  causes  it  to  become  more  granular ;  it  is  collected 
and  washed  until  the  washings  cease  to  have  an  acid  reaction. 
TTie  whole  process  should  be  conducted  with  exclusion  of  light. 
Properties. — The  artificially-prepared  salt  is  a  white,  amor- 
phous, insoluble  powder.     The  insolubility  in  water  and  dilute 
a<rids  is  so  complete  as  to  make  the  chloride  the  best  salt  by  which 
determine  silver  quantitatively.     When  freshly  prepared,  it  is 
•^^adily  soluble  in  ammonium  hydrate,  in  solutions  of  sodium  thio- 
i^phate,  potassium  cyanide,  and  concentrated  mercuric  and  mer- 
nitrate.     On  the  application  of  heat,  silver  chloride  melts 
260®  to  a  thick,  yellow  liquid,  which  becomes  a  tough,  solid 
ass  on  cooling.    When  exposed  to  light  the  salt  rapidly  darkens, 
ith  loss  of  chlorine.     Dry  silver  chloride  absorbs  at  ordinary 
xnperatures  19  per  cent,  of  its  weight  of  gaseous  ammonia, 
xming  the  ammonio-silver  chloride,  AgCl,2NH3,  a  white  com- 
und,  which  at  37.7**  gives  off  the  ammonia. 
Use. — Silver  chloride  finds  some  use  in  photography. 
Silver  Bromide ^  AgBr,  occurs  native  as  bromargyrite  in  Mexico 
*^d  Chili.     The  bromide  is  prepared  similarly  to  the  chloride,  by 
itating  silver  nitrate  with  hydrobromic  acid  or  potassium 
omide.     It  has  a  faint  yellow  color,  and  has  the  solubilities  and 
**^sny  of  the  properties  of  the  chloride.     It  is  not  easily  soluble, 
*^ciwever,  in  ammonium  hydrate,  and  the  dry  bromide  does  not 
ammonia  ;  an  ammonio-silver  bromide  is  formed  by  allow- 
the  ammoniacal  solution  to  stand  for  some  time.     Silver  bro- 
*^ide  is  largely  used  in  photography. 

Silver  Iodide^  Agl.     Argenti  lodidum,  U.  S.  P. — This  salt 
^^^^xurs  native  as  the  mineral  iodargyrite,  in  Mexico,  Chili,  Spain, 
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and  Arizona,  in  the  form  of  thin,  slightly  dasdc,   hexago 
tables. 

Preparation. — Sflver  iodide  may  be  prepared  in  a  variety  <  -a>f 
ways,  by  direct  union  of  the  elements,  by  dissolving  silver  SE:  in 
hydriodic  acid,  etc.,  but  it  is  most  readily  and  economically  otA" "ob- 
tained by  adding  a  solution  of  potassium  iodide  to  one  of  sQv^^  ~er 
nitrate,  collecting,  ^-ashing,  and  drying  the  precipitate  ii^nthot.^'  ^ut 
exposure  to  light  It  should  be  preserved  in  daric  amber-colore^^»-ed 
viab. 

Properties.— Silver  iodide  is  a  hea\y,  yellowish,  amorphoLv^us 
powder,  without  odor  or  taste.  It  is  insoluble  in  water,  dilur  ^^ute 
acids,  or  solution  of  ammonium  carbonate  ;  soluble  in  2500  pai — i^rrts 
of  stronger  ammonia  water.  It  is  also  dissolved  by  an  aqueov^  ^us 
solution  of  potassium  c>'anide,  and  by  a  concentrated  solution  ^^  of 
potassium  iodide. 

On  the  application  of  heat,  silver  iodide  melts  at  400®  to  adar!" k- 

red  liquid,  which,  on  cooling,  congeals  to  a  soft,  yellow,  transl_Mu- 
cent  mass.     The  drj'  precipitated  compound  absorbs  3.6  per 
of  ammonia  gas,  forming  the  white  compound  AgI,2NH3,  ^^ii 
on  exposure  to  air  g^ves  off  ammonia  and  becomes  yellow. 

Like  the  chloride  and  bromide,  silver  iodide  has  considerab=:^^^ 
use  in  photogniphy.     It  also  has  some  use  in  medicine,  probafa^^^^Y 

on  account  of  the  claim  made  that  it  does  not  discolor  the  'iV ^  ^ 

like  the  other  silver  salts. 

Silver  Fluoride,  AgF,  is  obtained  by  dissolving  silver  oxide  or 
bonate  in  hydrofluoric  acid.    The  resulting  solution  is  concentrated  i 
platinum  dish  in  a  vacuum,  with  exclusion  of  light     It  deposits 
with  I  or  2  molecules  of  water,  according  to  the  degree  of  concentrati 
at  which  crystallization  takes  place.     It  is  a  deliquescent  salt,  soluble 
one-half  its  weight  of  w^ater. 

SILVER  AND   OXYGEN. 

Silver  Suboxide,  h%^0,  Argenlous  Oxide,  is  obtained  by  the  acti.  ^nn 
of  hydrogen  on  certain  salts  of  silver,  preferably  the  citrate.  WW^—  -^^n 
silver  citrate  is  heated  to  100**,  and  then  subjected  at  that  temperature  "f  ° 

the  action  of  hydrogen,  a  black  mass  is  formed,  which,  on  dissolvings  ^" 

water  and  treating  with  potassium  hydrate,  yields  argentous  oxide.  T  ^^^^  '^^ 
has  a  dark,  metallic  lustre,  and  decomposes  on  heating  into  oxygen  ^m  ^^" 
silver. 

Silver  Oxide,  AgjO.      Argentic  OxidCy  Argetiti  Oxidui 
U.  S.  P. — A  solution  of  10  parts  of  silver  nitrate  in  100  parts 
water  is  treated  with  solution  of  sodium  hydrate  so  long  as  a  p 
cipitate  is  formed  :  i 
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lAgNOa     +     iNaOH     =     AgaO     +      iNaNO,     +      H,0. 

Silver  Sodium  Silver  Scxlium  lVat<:r. 

NuraW.  HyJrsIe.  OiiJe.  Niliili:. 

The  precipitate  is  first  washed  by  decantation,  then  on  a  filter, 
until  the  washings  cease  Ki  give  a  reaction  for  nitric  acid,  and 
finally  dried  in  the  dark  at  ordinary  temperatures. 

Properties. — Silver  oxide  is  a  heavy,  dark-brown  or  black 
powder,  according  to  the  method  of  preparation  :  the  darker 
product  is  obtained  when  precipitation  has  taken  place  from  hot 
concentrated  solutions,  or  when  the  drying  has  been  conducted 
at  temperatures  at  or  above  70°,  it  is  slighdy  soluble  in  water, 
to  which  it  imparts  an  alkaline  reaction,  insoluble  in  alcohol,  and 
completely  soluble  in  nitric  acid  without  effervescence.  The 
aqueous  solution,  in  addition  to  its  alkaline  reaction,  ha.s  a  metal- 
lic taste,  and  may  be  assumed  to  contain  silver  hydrate,  AgOH. 
When  heated  to  250°  or  300°,  it  is  decomposed  into  metallic 
silver  and  oxygen. 

In  the  freshly-precipitated,  moist  condition  silver  oxide  is  more 
active  than  the  same  compound  after  it  has  been  dried  and  then 
moistened.  !n  the  freshly -precipitated  state  it  decomposes  sol- 
uble chlorides,  precipitates  oxides  from  many  metallic  salts,  and 
absorbs  carbon  dioxide  from  the  air. 

Silver  oxide  should  not  be  triturated  with  antimony  sulphide, 
arsenic  sulphide,  precipitated  sulphur,  amorphous  phosphorus, 
tannin,  or  other  easily  oxidizable  substances,  since  such  mixtures 
readily  inflame.  Silver  oxide  is  soluble  in  concentrated  solu- 
tion of  ammonia,  and  on  diluting  this  solution  with  water,  black 
crv'stals  of  amm<mia-silver  oxide  (Berthollet's  fulminating  silver) 
separate  ;  these  on  drying  become  very  explosive  ;  for  this  reason 
the  precaution  should  be  observed  not  to  bring  silver  oxide  in 
contact  with  ammonia. 

Silver  oxide  has  some  use  in  medicine,  but  its  greatest  value  is 
as  a  laboratory  reagent,  where  it  is  employed  in  the  freshly-pre- 
dpitated  condition. 

Silver  Prroxide,  AgjO,.  b  also  known,  having  been  obtained  by  elec- 
trolysis of  the  nitrate  in  solution.  It  should  not  be  brought  in  contact 
whh  sulphur,  phosphorus,  orgifanic  liubstances,  or  ammonia.  On  the 
application  of  heat  it  decomposes  into  oxygen  and  the  metal, 

OXYGEN   SALTS  OF  SILVER. 

Silver  ChloraU.  AgClOg,  isprepared  by  dissolving  silver  oxide  in  chloric 
add.  It  forms  small,  quadratic  crystals,  soluble  in  10  parts  of  water 
Rapid  heating,  pressure,  or  concussion  causes  the  salt  to  explode. 
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Sih'^  Broimte,  AgBrOa-  and  Sihrr  lodale.  AglOa.  are  difficultly  sot 
uble,  white,  crystalline  precipitates,  obtained  by  treating  solution  of  silver 
nitrate  with  potassium  broniate  or  iodale. 

Silver  Sulphite,  AggSO^.  is  obtained  as  a  white,  cheesy  precipitate 
when  sulphurous  acid  is  added  to  a  solution  of  silver  nitrate.  On  heat- 
ing to  100°,  it  decomposes  into  silver  and  silver  sulphate. 

Silver  Sulphate,  AgaSO,.  is  prepared  by  dissolving  silver  in  concen- 
trated sulphuric  acid,  or  by  adding  sulphuric  acid  to  an  alcoholic  solution 
of  silver  nitrate. 

It  forms  in  small,  lustrous,  rhombic  crystals,  which  are  isomorphuu^ 
with  anhydrous  sodium  sulphate.  It  is  soluble  in  aoo  parts  of  cold  water 
and  in  70  parts  of  boiling  water ;  insoluble  in  alcohol.  Concentrated  sul- 
phuric acid  dissolves  the  salt,  and  it  b  precipitated  by  dilution  with  uaier. 
At  a  red  heat  silver  sulphate  melts  without  decomposition,  and  at  higher 
temperatures  it  is  resolved  into  metallic  silver,  sulphur  dioxide,  and 
oxygen. 

Silver  sulphate  is  obtained  In  considerable  quantities  in  the  commercial 
separation  of  silver  from  gold  by  means  of  sulphuric  acid,  and  Is  used  lo 
furnish  pure  silver. 

Acid  Silver  Su^hate,  AgHSO,,  is  formed  by  dissolving  silver  sulphate 
in  hot,  concentrated  sulphuric  acid,  and  allowing  the  solution  to  cool. 

Silver  Pyrosulphaie,  ^^^©7,  results  when  silver  sulphate  is  healed 
with  sulphur  tri oxide. 

Silver  ThiosulphaU,  Ag^S,Oa,  is  also  known. 

Silver  NilriU,  AgNO,.— On  mixing  wann.  concentrated  solutions  of  16 
parts  of  silver  nitrate  and  10  parts  of  potassium  nitrite,  a  crystalline  pre- 
cipitate of  silver  nitrite  results.     It  has  some  use  in  the  preparation  of 

Sliver  Nitrate.  AgNO,.  Argenti  Nitras,  U.  S.  P.— This  sail 
was  first  obtained  in  the  crj'staliine  form  by  Geber,  in  the  eighth 
century.  It  came  into  medical  use  in  the  seventeenth  century, 
under  the  names  of  magislerium  argenti,  crystalli  diana,  and 
when  cast  into  sticks  as  lapis  infemalis  and  lunar  caustic. 

A  pure  silver  should  be  selected  for  tlie  preparation  of  the 
nitrate  ;  tliat  made  from  the  sulphate  answers  this  purpose  verj- 
well.  In  a  capacious  porcelain  dish  3  parts  of  metallic  silver  are 
mixed  with  10  parts  of  nitric  acid  [containing  25  per  cent, 
HNOj),  and  the  mixture  warmed  until  the  reaction  begins,  in 
ca.se  the  silver  is  finely  divided,  the  action  is  sufficiently  active 
without  warming,  and  may  have  to  be  controlled  by  the  addit 
of  a  little  cold  water  : 

3Ag    -f    4HNOb    =    3AgNO,    -f    2H,0    -f    NO. 

A  funnel  should  be  inverted  over  the  liquid  in  the  dish  to  pre- 
vent particles  of  the  acid  and  solution  from  flying  out,  and  when 
the  action  ceases,  the  silver  being  dissolved,  the  sides  of  the 
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nel  are  rinsed  down  with  distilled  water  ;  the  solution  is  filtered 
through  glass  wool,  if  necessary,  and  evaporated  on  a  sand-bath 
to  dryness.  The  temperature  is  then  raised  so  as  to  melt  the  salt 
and  complete  the  escape  of  nitrous  fumes,  which  is  soon  accom- 
plished when  the  salt  is  pure ;  but  when  it  contains  copper  ni- 
trate it  takes  someii^'hat  longer,  and  the  copper  is  converted  into 
insoluble  oxide,  as  follows : 

Cu(N08)a    =    CuO    4-    aNO,    +    O. 

The  reaction  fa  known  to  be  ended  when  there  fa  no  further 
evolution  of  gas,  and  the  mass  becomes  dark  or  black  from  the 
formation  of  the  copper  oxide. 

The  fused  mass  fa  dissolved  in  double  its  weight  of  water,  fil- 
tered through  a  small,  well-washed  filter,  and  set  aside  to  crystal- 
lize ;  dust  and  light  should  be  excluded  as  far  as  possible  during 
the  operation.  In  case  lunar  caustic  fa  wanted,  the  fused  silver 
nitrate  fa  treated  with  a  few  drops  of  nitric  acid  to  oxidize  any 
nitrite,  and  after  a  few  moments  more  heating,  fa  poured  into  pol- 
fahed  iron  moulds  such  as  are  used  in  the  prep>aration  of  sticks 
of  sodium  or  potassium  hydrate ;  see  Fig.  60,  page  301.  It  fa 
preferable  to  have  such  moulds  gold-plated. 

Properties. — Silver  nitrate  occurs  in  colorless,  transparent, 
tabular,  rhombic  crystafa,  permanent  in  the  air,  but  becoming 
gray  or  grayfah-black  on  exposure  to  light  in  the  presence  of 
organic  matter.  It  fa  without  odor,  but  has  a  bitter,  caustic,  and 
metallic  taste. 

The  salt  is  soluble  in  0.6  part  of  water  at  15°,  and  in  o.i  part 
of  boiling  water  ;  also  soluble  in  26  parts  of  cold  and  in  5  parts 
of  boiling  alcohol. 

On  the  application  of  heat,  the  salt  melts  at  about  200**  with- 
out decomposition,  and  on  cooling  forms  a  white,  crj'stalline 
mass.  If  kept  for  some  time  at  a  temperature  above  210°  it 
begins  to  decompose  with  formation  of  silver  oxide  and  silver 
nitrite.  At  a  red  heat  decomposition  takes  place,  nitrous  fumes, 
nitrogen,  and  oxygen  being  evolved  and  metallic  silver  remain- 
ing. The  aqueous  solution  of  silver  nitrate  is  neutral  to  litmus 
paper. 

Solution  of  ammonia  added  to  a  solution  of  silver  nitrate  at  first 
produces  a  precipitate  which  in  the  presence  of  a  larger  amount 
of  the  reagent  dissolves  ;  if  this  solution  then  be  allowed  to  evap- 
orate, rhombic,  prismatic  cr>'stals  separate,  having  the  composi- 
tion AgN03,2NH3.    When  heated  above  100°  they  melt,  evolving 
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i±r:ce=  ^nsi  ammonia,  leai-ing  a  residue  of  ammonium  nitrate 
an-i  i  =jrr:r  c-l"  metallic  silver. 

Uses. — SZver  nhrate  is  largely  used  as  a  laboratory  reagent 
a^'i  in  rc>:>:gT:^:>hy.  It  also  has  considerable  use  in  medicine  as 
a  ckuicT^-.  :i>  emplo\-ment  internally  being  limited ;  when  used 
izrernilly  K-r  some  time  it  produces  a  peculiar  bronze  coloration 
oc  :he  >kin. 

For  cnemal  use  there  are  two  preparations  of  silver  :  Argenti 
Nitras  Fusus,  U.  S.  P.,  and  Argenti  Nitras  Dilutus,  U.  S.  P., 
which  are  usually  employed.  The  fused  nitrate,  or  lunar  caustic, 
contains  a  small  quantity  of  silver  chloride  in  order  to  toughen  it ; 
this  is  accomplished  by  adding  to  loo  grammes  of  the  salt  4 
granmies  of  hydrochloric  acid,  melting  the  mixture  at  as  low  a 
temperature  as  possible,  and  pouring  into  suitable  moulds.  The 
diluted  silver  nitrate,  or  mitigcUed  caustic,  is  made  by  melting  at 
the  lowest  possiUe  temperature  30  grammes  of  silver  nitrate  and 
60  grammes  of  potassium  nitrate,  and  casting  in  suitable  moulds. 

Silzr^r  Pkospkaity  Ag3P04.  is  obtained  u-hen  the  normal  sodium  phos- 
phate or  the  disodium  hydrogen  phosphate  is  added  to  a  solution  of  silver 
nitrate.  It  is  a  yellow,  amorphous  compound,  insoluble  in  water,  soluble 
in  nitric  acid  and  in  ammonia.  It  dissolves  in  concentrated  phosphoric 
acid  on  u-arming.  with  the  formation  of  the  compound  Ag2HP04. 

Compounds  of  silver  with  pyrophosphoric  acid  and  \inth  metaphos- 
phoric  acid  are  also  knou-n. 

Silver  CarbomaU,  Ag^COs,  is  obtained  by  adding  sodium  carbonate  to 
silver  nitrate  solution,  collecting  and  washing  the  precipitate.  It  is  a 
yellow,  amorphous  powder,  insoluble  in  water ;  soluble  in  nitric  add  and 
in  ammonia.  It  turns  black  on  exposure  to  air  and  light,  and  at  aoo^ 
decomposes  into  silver  oxide  and  carbon  dioxide. 

Si/z'tr  Sulphide,  Ag^S,  is  found  native  as  argenti te  or  vitreous  silver,  in 
grayish-black  cr>*stals  of  the  regular  system.  It  can  be  obtained  arti- 
ficially by  igniting  silver  chloride  in  a  current  of  hydrogen  sulphide. 

Much  of  the  so-called  oxidized  silver  is  coated  with  a  thin  layer  of 
sulphide,  obtained  by  heating  together  silver  and  solution  of  potassium 
sulphide.    A  more  permanent  result  is  obtained  by  coating  the  silver  with 
platinic  chloride  solution.    In  both  cases  considerable  washing  and  pol-    ^ 
ishing  are  necessary  to  get  a  good  result 

GOLD  (Aurum). 

Symbol,  Au.  Atomic  Weight,  196.7.  Valence,  I  and  III. 

History. — Gold  has  been  known  from  the  earliest  times.    Q> 
account  of  its  scarcity,  its  color,  and  its  stability  in  contact  %rj|jL 
air,  it  early  became  an  important  metal  from  which  to  make^e^b     A 
elry,  certain  household  utensils,  and  money. 
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Occurrence. — Gold  is  very  widely  dbtributed  in  nature,  but 
always  in  small  quantities.  It  is  ordinarily  found  in  the  free  or 
iincombined  state  ;  rarely  it  is  found  amalgamated  with  mercury 
or  combined  with  tellurium. 

In  the  Iree  state  it  is  frequendy  in  a  crystalline  condition,  the 
-oommonest  forms  being  the  octohedron  or  tetrahedron ;  occa- 
*6ionally  the  elongated  forms  of  these  give  it  the  appearance  of 
t^^ing  acicular. 

The  native  depodts  are  usually  in  veins  of  quartz,  although  the 
«jsual  source  of  the  metal  is  in  alluvial  soils  resulting  from  the  dis- 
i  ntegration  of  the  rocks  in  which  it  was  imbedded.  It  is  found 
i  n  the  sand  of  most  rivers  and  in  sea  water. 

Gold  is  rarely  found  in  a  pure  condition,  it  being  usually  mixed 
■with  silver,  and  more  rarely  with  copper,  iron,  and  platinum  ; 
-«»'hen  it  contains  more  than  36  per  cent,  of  silver  it  is  termed 
^Jeeirum. 

The  princip^^  localities  in  which  gold  is  found  in  sufficient  quan- 
tity to  extract  are  the  gold-fields  of  Western  United  States,  Aus- 
tralia, Siberia,  Transylvania,  Brazil,  New  Zealand,  and  South 
-Africa. 

The  United  States  in  1893  produced  1,739,081  troy  ounces, 
'X'alued  at  $35,950,000.  This  was  not  far  from  30  per  cent,  of  the 
output  of  the  whole  world. 

Bxtrkction. — Most  of  the  gold  is  obtained  by  a  process  of  levigation,  in 
which  sand  and  alluvial  deposit  from  gold-bearing  rocks  are  washed  with 
Water,  the  lighter  portions  being  allowed  to  run  off,  while  the  heavier 
Portions  with  the  gold  remain  and  are  intimately  mixed  with  mercury, 
■o  that  an  amalgam  of  gold  and  mercury  is  formed,  from  which  the  latter 
**  distilled.    Thisisavery  brief  outlineoftheprocess,  which  has  innumer- 
able modifications ;  for  instance,  it  may  be  carried  out  by  one  man  with 
Apan,  when  it  is  termed  ^n-zfujAin^,-  or  a  littlemore  elaborate  apparatus 
*"*»¥  be  employed,  requiring  the  attention  of  four  men,  when  it  is  termed 
^'otlit'ivasMimg ;  or,   finally,   hydraulic  mining  may  be  iLsed.     The  last 
(^Misiiits  in  washing  large  quantities  of  earth  by  means  of  water  brought 
from  h^her  situations  in  the  mountains,  so  that  enormous  quantities  may 
be  employed.     The  water  and  earth  are  run  through  a  long  series  ol 
troughs,  cut  in  the  rock,  and  in  these  troughs  depressions  are  cut  at 
intervals  termed  "sluice-boxes,"  in  which  small  quantities  of  mercury 
'■'«^  lil.Ktd,  so  that  the  gold  is  taken  out  b>-  it.     Tn  addition  to  the  boxes. 
H13  iif  copper  coaled  with  mercury  are  often  placed  in  the  troughs  to 
-■*■  the  finer  particles  of  gold  :  these  plates  are  removt-d  from  time  to 
5.  iWf  surface  scraped,  and.  after  re-amalgamation,  returned. 

a  guana  rock  is  worked,  it  is  first  reduced  to  a  fine  powder  by 
h  and  then  washed. 
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The  chlorine  process  is  sometimes  used,  especially  where  the  metal  1 
associated  with  pyrites.  The  ore  is  first  roasted,  then  mixed  with  waUj 
in  tubs,  and  saturated  with  chlorine ;  this  is  allowed  to  stand  lo  lo  i\ 
hours,  when  the  gold  passes  into  solution  ;  the  solution  containing  gol| 
chloride  is  run  off  and  treated  with  lerrous  sulphate,  which  preapilaiq 
the  metallic  gold  in  the  form  of  a  fine  powder,  which  is  collected  an^ 
fused  to  a  globule  with  borax.  j 

Gold  prepared  by  the  above  processes  contains  silver,  copper,  or  plat^ 
num. — sometimes  all  three.  When  the  proportion  of  gold  does  not  e^ 
ceed  33  per  cent,  the  silver  of  the  alloy  may  be  dissolved  by  nitric  acid  iA 
specific  gravity  1.330 ;  this  was  formerly  known  as  qtiariation,  because  1 
was  believed  that  an  alloy  must  not  contain  over  25  per  cent,  gold  ig 
order  for  the  silver  to  be  dissolved  by  the  acid.  When  the  gold  in  tbi 
alloy  exceeds  33  per  cent,  it  is  fused  with  sufficient  silver  10  reduce  I 
to  that  proportion,  when  the  silver  can  be  removed  by  nitric  acid.  Sidl 
phuric  acid  is  used  in  the  same  way  lo  separate  gold.  An  alloy  may  cob 
tain  25  per  cent,  gold  and  10  per  cent  copper ;  the  acid  should  have  t 
speciiic  gravity  of  1.840.  The  operation  is  conducted  in  cast-iron  bwlo^ 
with  leaden  domes :  the  sulphur  dioxide  which  is  evolved  may  either  b| 
allowed  to  escape  or  be  conducted  into  chambers  for  the  manufacture  d| 
sulphuric  acid.  ' 

When  a  sample  of  gold  does  not  contain  more  than  10  per  cent,  oj 
^Iver.  it  is  fused  in  a  clay  crucible,  which  has  been  glazed  on  the  insidi 
with  borax,  and  a  stream  of  chlorine  is  passed  into  the  molten  metal' 
silver  chloride  forms  and  rises  to  the  top,  a  layer  of  borax  prevents  f 
from  volatilizing ;  the  chlorides  of  zinc,  bismuth,  arsenic,  and  antimon;^ 
when  present,  are  volatilized.  A  linal  purification  is  sometimes  given  Ij 
the  gold,  after  removal  of  silver,  by  dissolving  it  in  nitrohydrochlnt^ 
acid,  evaporatii^  on  a  water-bath  to  a  syrupy  consistence,  mixing  tl4 
with  some  20  times  its  volume  of  water,  filtering,  and  treating  the  filtraB 
with  solution  of  ferrous  chloride,  when  metallic  gold  is  precipitated  ac 
cordii^  to  the  following  reaction :  ' 

i-'^uCI,      -t-       6FeCls      =      sAu      -f       iFejCI,.  ! 


Oxalic  add  or  ferrous  sulphate  may  be  used  to  efTect  this  precipilaiia| 
of  the  gold.  I 

Properties. — In  the  compact  state  gold  has  a  characteristll 
yellow  color,  a  peculiar  lustre,  and  is  capable  of  a  high  polish.  Q 
the  precipitated  condition  it  is  a  brown  powder.  The  native  gold 
occurs  in  small  cubical  or  octohedral  crj'stals,  and  sometimes  qj 
other  forms  of  the  regular  system,  ll  is  the  most  malleable  anq 
ductile  of  the  metals  ;  in  ver>'  thin  leaves  it  transmits  a  greal 
lighl.  When  pure  it  is  nearly  as  soft  as  lead.  The  specific 
gravity  varies,  according  to  its  mode  of  preparation  or  treatmenftj 
from  19,26  to  19.55.  On  ^^  application  of  heat  it  melts  a" 
1 240°  to  ;»  bluish-green  liquid. 


of  beat  it  melts  al 
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Chhr-mtric  Add,  AuCla,Ha.4H,0,  is  one  of  the  double  coitt 
pounds  with  hydrochloric  acid.  It  is  formed  when  hydrochlork 
acid  is  added  to  a  solution  of  auric  chloride,  and  the  whole  B 
allowed  to  evaporate  slowly  over  quick-lime  ;  long,  yellow  crj-si 
tals  are  deposited,  which  rapidly  deliquesce  on  exjjosure  to  tlMJ 
air.  This  compound  forms  a  series  of  salts  termed  cklor-auraUsi 
or  they  may  simply  be  considered  double  compounds  of  auric  chl(vi 
ride  with  the  salt ;  the  best  known  of  these  is  sodium  chlorauraie^ 
or  gold  and  sodium  chloride.  This  compound  is  prepared  by  dis* 
solving  gold  in  a  mixture  of  nitric  and  hydrochloric  acids,  and 
evaporating  the  solution  on  a  water-bath  to  a  syrupy  consistence; 

+  4H,a' 

The  proportions  are  lo  parts  of  gold  to  13  parts  of  nitric  acM 
of  25  per  cent.,  and  32  parts  of  hydrochloric  acid  of  25  per  cenU 
The  syrupy  solution  of  chlor-auric  acid  is  treated  with  a  soluiioi^ 
of  4  parts  of  pure  sodium  chloride  in  60  parts  of  water,  and  the 
resulting  mixture  evaporated  until  a  pellicle  forms  ;  e\-aporatioit 
being  completed  at  ordinary  temperatures  over  quick-lime  : 
AuCUHCl      -I-      NaCl      =      AuCU.Naa      -f      HCi. 


The  Auri  et  Sodii  Chloridum,  U,  S.  P.,  is  a  mi-xture  prw 
pared  by  rubbing  together  equal  parts  of  dry  gold  chloride  anj 
sodium  chloride.  Theoretically  it  contains  32  per  cent,  of  meiali 
lie  gold,  although  the  official  requirements  are  simply  thai  it  shaQ 
contain  not  less  than  30  per  cent,  of  this  metal.  | 

The  true  gold  and  sodium  chloride  has  the  formula  AuCI^, 
NaCl.aHgO,  and  contains  50  per  cent,  of  metallic  gold.  IX 
occurs  in  orange-yellow,  rhombic  tables  or  prisms,  is  deliquescent^ 
and  when  exposed  to  a  red  heat  decomposes,  leaving  a  residul 
of  metallic  gold. 

This  compound  is  used  in  photography,  for  gilding,  and  a 
some  extent  in  medicine. 

Auric  Bromidf,  AuBrg  (Gold  Tribromide),  Aurie  Dibromide,  AuBrJ 
and  Auric  Iodide.  Aul^  are  known.  , 

COLD  AN'n  OXYGEN. 

Aurous  Oxide,  AUgO,  is  a  dark-%i(rfet  powder,  obtained  by  treatilV 
nurous  chloride  with  pota.ssium  hydrate  in  the  cold. 

Auric  Oxide.  AujOj,  is  a  dark-brown  powder,  formed  by  heating  atlrid 
hydrate  to  100°.    Strong  heal  decomposes  it  into  gold  and  o 
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Auric  Hydrate^  Au(OH)8,  Gold  Hydroxide,  Auric  Acid. — This  com- 
pound is  best  prepared  by  heating  a  solution  of  auric  chloride  with  mag- 
nesia, and  washing  the  precipitate  with  dilute  nitric  acid.  When  freshly 
prepared  it  is  a  yellowish-brown  precipitate,  which  on  dr>'ing  becomes  a 
orown  powder.  Auric  hydrate  is  acid-forming,  and  its  salts  are  termed 
nitrates.  When  it  is  treated  with  an  excess  of  ammonia  water,  a  green 
to  brown  i>owder  is  formed,  known  as  fubninatiitg  gold.  In  the  dry 
state  this  ammonia  compound  explodes  violently,  either  by  percussion  or 
on  heating. 

AURATES. 

Pkytassium  Aurate,  KAuOg.sHgO,  is  the  only  one  of  these  compounds 
that  has  been  investigated.  It  is  obtained  by  dissolving  auric  hydrate  in 
potassium  hydrate  solution,  and  evaporating  the  resulting  solution  in  a 
<^-acuum.  It  forms  in  small,  yellow,  acicular  crystals,  which  are  readily 
s^oluble  in  water  and  have  a  strong  alkaline  reaction.  It  is  used  in  gild- 
ing copper  and  some  other  metals. 


CHAPTER  V. 

COPPSR  AND   MERCURY  GROUP. 

COPPER. 

Ol        Aimmic  Weight,  63.18.        VaUnce,  (Rs)n  and  11. 

History. — Coi>per,  because  of  its  rather  abundant  occurren. 
iQ  the  metallic  state,  was  probably  the  first  metal  used  by  m 
It  formed  the  material  for  tools  and  weapons  before  the  metall 
gical  processes  necessary  to  produce  iron  were  known.    OriginaL 
cf?pper  was  found  in  the  island  of  Cyprus,  and  on  this  account 
lume  gradually  came  to  be  cuprum. 

Occnrrence. — The  most  abundant  occurrence  of  native  copp- 
b  VOL  the  State  of  Michigan,  in  what  is  known  as  the  Lake  Sup^ 
rk>r  district.     Valuable  ores  of  copper  are  found  in  Cornwa^ 
Englmd,  in  Siberia,  and  in  the  Ural.     Spain,  Chili,  Peru,  Jap 
aod  Australia  also  produce  considerable  quantities.     One  of  t 
moeit  abundant  ores  of  copper  is  cuprous  oxide,  Cu^O,  or  r 
copper  ore :  cupric  oxide,  CuO,  is  found  more  rarely.     The  s 
pkide*  or  copper  glance,  Cu^,  is  also  widely  distributed. 
^ttiQtities  occxu'  as  malachite,  or  copper  carbonate,  CuCO^ 
vOH  V     Bomite  and  chalcopjTite  are  mixed  sulphides  of  cop 
and  iron,  and  are  very  widely  dbtributed. 

Extraction. — The  method  of  obtaining  copper  from  its  cb 
depends  on  whether  the  ore  is  an   oxide  or  sulphide.      If 
oxkie  or  a  carbonate,  the  ore  is  simply  heated  with  charcoaL 
other  tu^.  with,  fierhaps,  the  addition  of  some  flux  rich  in  sil  i 
This  process  is  much  employed  in  the  United  States.     Usua-Xly. 
hv>we\-er.  the  ore  is  a  sulphide  mixed  with  iron  sulphide,  l^^^i* 
antimony,  and  sil\'er  ;  often  not  more  than  13  per  cent,  of  coi>^>^'' 
is  j^resent.    The  ore  is  first  roasted  on  the  floor  of  a  reverberati^^^Ty 
ttunuce.  the  ;iir-supply  being  controlled  by  suitable  apertu**^^ 
In  this  way  the  sulphides  are  partly  converted  into  oxides.     ^MTl^c 
rvvisted  ore  is  next  fiised  in-ith  a  silicious  flux,  to  which  fluor-^'p^'' 
is  s».^metimes  added  to  increase  its  fusibility.     The  temf)era'C:^i'* 
for  this  o^^eration  is  much  higher  than  that  required  in  the  rostst- 
vAi:  prvvess.     The  result  of  this  operation  is  cuprous  sulphide  stnd 
a  sL^  formed  by  combination  of  the  iron  oxide  present  with     the 
tixxx.     The  cuprous  sulphide,  with  some  unaltered  iron  sulplmic'^ 
4M 


-*r:-.n.«ni.      v  its  ir'-gp**:  ji  iir  :r  iTj'^isi  the  metal  becomes 
-^-*»^  -^  ^^^  TiinSdC*.   ^wmi  zii  liic  i:rz:acoc  ol*  a  chin  layer  of 


.1. 


V  in   ->■:.- ii«^' I :n.    .i  iir    nccc  s  icsrceiv  dissolved  bv  dilute 

—   ^  «  tf 

r-  ir-.j!.!  r.:  .r  TiLcaum:  iizii  ;c  ±e  a::pIxarion  of  heat  and 
-I  ::ir:  zr^=^cr.ii.z  :i  iir  ii:w>»'-'ir.  eiriicr  will  slowlv  dissohe  it 
I':.:r±  -ur-u  iizii  r";iidl7  ib=ciT»  x  :n  the  cold.     It  isakodis- 

U^es, — ^t'i!iiiliir  ::;cc«*r  2*  3sed  ioc  xnakin^  manv  kinds  of 
"HctCi^  -i  r  TTaTi^rrrt-mm^g  ir.ii  ica^xc  parpascs,  for  sheathing 
-iiics.    :::  z:i=  TT.ininH-nr*  rf  zi^iccv.  iz  camidge^shelis,  andespe- 

T:d:  I  ci,  rrni&niiic  :c  cocc^r  in  the  United  States  for  1893 
innizz-fi  z:  }zz.y^^,yjc  p«:crids.  \-aIued  at  $34,677,940.  This 
2r  LZ'.in  '.'z.rt- Zikjf  the  tcckl  moncroQ  oc*  the  world. 


•  • 


•  • 


Bicst  scpGctaxtt  aliovs  of  copper  are  those  tt 
i:r=>  vT±  lini:  inc  m. 

Jrr--.:  >  :  ir^riis^si  re  abcct  73  per  cesiL  copper  and  30  per  cent  ^^ 
■w-th  s:c:•i^=•i=^  ;  :r  3  per  cest.  ot"  tin  axxi  0.25  to  olSo  per  cent  of  ^^ 
3ris=5  is  i;iri=rj:r  t:  o;-pcer  t<caiKe  it  does  not  tarnish  so  readily,  it  ha^ 
i— -ir-r  pir^iiir::^  ::i':c.  ^  border  has  a  lover  mehing  point,  and '^^^'^^ 
C3<z  i-jes  -«:■«  bofter.    Aft.-A**r.-*.  or  &.mt6ajt,  is  a  brass  containing  85  p^^ 
cocc«er  and  :  5  rars  ziac. 

The  5:  C-:vj=^  art  :be  percentages  in  some  of  the  other  important  a^^^^^^ 
of  ctj^-per : 

Co|)p«r.  Tin.  Lead. 

Ben  metal 78  22 

Gun  metal 90  9 

Art  br^ioze .    86.6  6.6  3.3 

COPPER  AND  THE  HALOGENS. 

Cuprous  Chloride,  Cu^Cl^  is  formed  by  dissohnng  cuprous  oxi<J^    ® 
hydrochloric  acid,  taking  care  to  exclude  air.     It  is  probably  most  rea^l'^X 
prepared  by  boiling  cupric  chloride  uith  hydrochloric  add  and  copPf^ 
turnings,  unth  the  addition  of  a  littie  platinic  chloride  to  establish  galvanic 
action.     On  pouring  the  clear  solution  into  u-ater,  which  has  been  heated 
to  expel  air,  cuprous  chloride  separates  as  a  white,  crystalline  precipitate 
of  micrf>scopic  tetrahedra. 

Properties. — Cuprous  chloride  is  a  white,  crystalline  powder,  whicfr 
may  be  recr>'stallized  by  dissoKnng  in  hot,  concentrated  hydrochloric  acid; 
it  is  insoluble  in  water,  but  is  soluble  in  solution  of  ammonia. 

On  the  application  of  heat  cuprous  chloride  melts  at  434®,  and  on  cool- 
ing it  forms  a  solid,  crystalline  mass.  Near  1000**  it  is  volatilized,  and  tbe 
vapor  has  a  specific  gravity  of  6.93  (air  =1),  indicating  the  fonnol* 
CugClg. 
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by  heating  to  redoess  copper  nitrate  or  oxycarfoonate,  or  by  heating  me- 
tallic cijpper  to  redness  with  access  oC  air. 

Properties. — Capric  oxide  b  a  fine,  amorphous,  bron-nish -black  pow- 
der :  sometimes  it  c>  found  in  scales.  It  is  insohible  in  water,  but  easiljr 
dzssoivcs  m  adds  with  the  tbrmatioa  oc'  cupric  sahs ,  it  is  also  soluble 
in  aOiUtion  'jt  ammooia. 

When  heated  in  the  presence  of  hydrogen,  carbon  monoxide,  marsh- 
gas.  aTxd  many  <xher  organic  substances,  cupric  oxide  readily  gives  up  its 
ox>'2:er.  and  is  reduced  to  metallic  copper.  On  account  of  this  property 
it  is  much  employed  In  organic  analyses^ 

Wher.  used  with  glass  it  imparts  to  the  latter  a  light-green  color ;  it  is, 
therefore,  employed  in  the  preparation  of  artificial  emeralds. 

C^ fir.- AS  H'^drau,  Cu,  OH  ^  haWng  this  formula,  is  not  known,  but  a 
compound  derived  from  it.  hav-ing  the  composition  4CU2O.  H^O,  is  made 
by  pouring  a  solution  of  cuprous  chloride  into  a  cold  solution  of  sodium 
hydrate.  It  b  a  bright  yellow  precipitate.  It  readily  passes  into  cuprous 
oxide  on  the  application  of  a  gentle  heat,  and  on  exposure  to  air  becomes 
blue  by  oxidation. 

CMpru  Hrdraie,  Cu  OH  »^  is  readily  obtained  as  a  light-blue,  bulky 
precipitate,  ifthen  a  solution  of  copper  sulphate  is  treated  in  the  cold  iiith 
excess  of  sodium  hydrate.  When  this  mixture  is  boiled,  the  hydrate  is 
converted  into  a  black  compound  haNing  the  composition  Ca(OH)s.' 
2CuO.  and  this,  when  dried  and  ignited,  is  con\*erted  into  CuO. 

.\t  least  two  other  oxides  of  copper  are  known, — namely,  CU4O,  cop- 
per tetroxide,  and  copper  superoxide  or  dioxide,  CuO^HgO. 

OXYGEN   SALTS  OF  COPPER. 

Ctipric Sulphate.  CuS0^.5H,0.  Cupri  Sulphas,  U. S. P- 
This  salt  is  most  readily  prepared  by  dissohing  copper  in  sul* 
phuric  acid : 

Cu    -    2H,S04    =    CUSO4    -    SO,    +    2H,0. 

The  dear  solution  is  decanted  and  allowed  to  crystallize,  and 
these  cr\-stals  are  fiirther  purified  by  recrystallization.  Copper  sul- 
phate is  a  by-product  in  se\'eral  metallurgical  operations,  so  that 
its  prej)aration  is  usually  carried  on  in  conjunction  with  them. 
The  crude  copper  obtained  in  smelting  the  ores  is  treated  with 
sulphuric  add,  and  thus  converted  into  sulphate.  Copper  pyrites 
are  roasted,  when  the  following  reaction  takes  place  : 

Cu^    —    5O    =    CUSO4    -f    CuO. 

This  mixture  is  then  treated  with  so  much  sulphuric  add  as  » 
necessar}'  to  convert  the  oxide  into  sulphate. 

Large  quantities  of  copper  sulphate  are  obtained  in  the  refininjf 
of  silver  when  that  metal  contains  copf)er  and  gold.  Silver  and 
copper  sulphates  are  formed,  and  fi-om  their  solution  the  silver  B 


} 


430  CHEMISTRY  OF  THE  METALS 

Copper  Nitrate,  Cu(N08)a.3HaO,  Cupric  Nitrate,  is  prepa=^    i^ 
by  treating,  in  a  capacious  flask,  i  part  of  copper  turnings         —n*^ 
II  parts  of  nitric  acid  of  25-per-cent.  strength.     The  mixture — e\s 
carefully  warmed  until  the  reaction  begins,  which  then  contin"-  -^ues 
quietly  without  the  further  application  of  heat : 

3Cu    4-    SHNOg    =    3Cu(N08)«    4-    NgOg    -f    4H«0. 

The  solution   is  diluted  with  water,  filtered  clear,  and  tT^zzheo 
evaporated  until  a  film  forms,  when  it  is  set  aside  to  crystalliz^^^^. 

Properties. — Copper  nitrate  occurs  in   deep-blue,  prism   _    ^i^^q 
crystals  ;  it  possesses  a  sharp  metallic  taste,  and  is  easily  soli_^aWe 
in  water  and  in  alcohol.    At  low  temperatures  crystals  are  fori — »?ed 
with  6  molecules  of  water.     Like  the  sulphate,  this  salt  fornix  an 
ammonia  compound,  having  in  this  case  the  formula  CuCNO^^,,- 

4NH,. 

Copper  nitrate  is  used  in  dyeing  and  in  calico-printing ;  it  is 
also  a  convenient  compound  fi'om  which  to  prepare  pure  copped" 
oxide. 

Copper  Phosphate ,  Cu3fP04)g.3H20,  is  formed  when  copper  carbonate 
b  dissolved  in  dilute  phosphoric  acid  ;  on  warming  the  solution  to  70**  tlife 
salt  is  deposited  as  a  bluish-green,  insoluble  precipitate.  Various  co"KT1* 
pounds  of  copper  and  phosphoric  acid  are  found  in  nature. 

Copper  Arsenite,  CuHAsOs,  is  known  as  Sc heelers  green,  or  Sw^€^^-^ 
green,  and  is  obtained  by  mixing  solutions  of  copper  sulphate  and  poC-^* 
sium  arsenite.  Paris  green  is  an  aceto-arsenite  of  copper,  and  uill  *c 
considered  later. 

Copper  Arsenate,  Cu3(As04)g.4H20,  is  formed  as  an  amorphous  %>Tt- 
cipitate  by  wanning  equivalent  quantities  of  copper  nitrate  and  calcriuw 
arsenate  with  a  little  water  to  60**.  By  \'arying  the  proportions  o€  tJie 
above  salts  compounds  of  different  composition  may  be  obtained. 

Copper  Borate  of  variable  composition  b  obtained  by  miicing  solutioiis 
of  copper  sulphate  and  borax. 

Copper  Silicate,  CuSiOs,  is  found  in  nature  with  variable  amounts  ^ 
water.  It  may  be  obtained  as  a  blue-green  precipitate  by  mixing  solu- 
tions of  copper  sulphate  and  sodium  silicate. 

Copper  Carbonate. — The  normal  salt,  CuCOa,  is  not  known,  but  a  com- 
pound having  the  composition  CuC03,Cu(0H)g,  is  found  in  nature  as  the 
mineral  malachite.     Azurite,  2CuC08,Cu(0H)t,  occurs  with  malachite 
and  other  copper  ores. 

Malachite  occurs  in  the  Urals,  at  Cornwall,  England,  and  in  xenons 
parts  of  the  United  States.     It  is  susceptible  of  a  high  polish,  and  is  on 
this  account   much  used  for  making  vases,  ornamental  table  tops,  and 
jewelr>\ 

Azurite  is  sometimes  known  as  blue  malachite,  and  is  employed  in  ti^ 
same  manner  as  the  green  variety. 
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while  at  Almaden  the  vapors  are  conducted  through  a  long  s»  -^serie 
of  vessels  known  as  aiude/s,  shown  in  Fig.  77,  The  comt=:^T)ina 
tion  between  the  mercury  and  sulphur  is  more  easily  destroya»  — ed  ii 


r  lime,  so  that  one  of  these  is  sometimes 
When  hme  is  employed  the  reaction  is  as 


the  presence  of  » 
heated  with  the  ore 
follows : 

4HeS  +  4CaO  =  4Hg  +  CaSO,  +  3CaS- 
In  the  United  States  these  furnaces  are  usually  so  constructed 
as  to  be  worked  continuously,  while  in  the  older  localities  it  •* 
customary  to  allow  the  furnace  to  cool  after  each  charge  of  abo*' 
50  tons  has  been  heated  ;  this  is  usually  accomplished  in  one  da-J, 
and  then  four  or  five  days  are  required  for  the  cooling  befc>n 

Fig.  77. 


another  charge  can  be  filled  in.  Mercury  prepared  in  this  man- 
ner is  sent  into  commerce  in  iron  bottles  holding  about  35  kilos. 
It  contains  mechanical  impurities  as  well  as  other  metals  like  lead, 
silver,  tin,  bismuth,  copper,  and  zinc,  and  must  be  purified  bj' 
first  pressing  through  chamois  or  linen,  and  then  by  distillif^ 
from  iron  retorts.  The  distillation  is  assisted  by  a  Toiricellian 
vacuum.  The  metallic  impurities  may  also  be  removed  by  treal- 
ment  with  dilute  nitric  acid  ;  this  is  best  accomplished  by  ninni<TX 
the  metal  into  the  acid  in  the  form  of  a  fine  spray,  as  when  it 
forced  through  a  piece  of  porous  wood. 
Properties. — At  ordinary  temperatures  mercury  is  a  BqM** 
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Preparation. — ^When  hydrochloric  acid  or  a  soluble  chloride 
IS  added  to  a  solution  of  mercurous  nitrate,  calomel  is  precipi- 
tated«  The  same  result  may  be  attained  by  passing  sulphur 
dioxide  into  a  solution  of  rtercuric  chloride.  The  product  thus 
obtained  is  not  satisfactory  for  medicinal  use,  as  it  is  crystalline 
and  granular.  The  salt  is,  therefore,  usually  prepared  by  subli- 
mation. This  is  accomplished  by  heating  a  mixture  of  36  parts 
of  sulphuric  acid  with  24  parts  of  mercury,  until  the  latter  is  dis- 
solved and  a  dry  salt  remains.  The  mercuric  sulphate  thus  formed 
is  rubbed  with  24  parts  of  mercury  until  the  globules  disappear, 
and  then  with  18  parts  of  common  salt.  The  mixture  is  then 
sublimed  in  such  a  manner  as  to  rapidly  condense  the  vapor  and 
form  a  very  fine  amorphous  product.  This  is  in  some  cases 
accomplished  by  forcing  a  jet  of  steam  into  the  condenser  with 
the  vapor  of  the  calomel,  and  in  other  cases  by  a  current  of  cold 
air  in  like  manner.     The  reactions  involved  are  is  follows  : 

Hg    +    2H,S04    =    HgS04    +    SO,    -f    2H,0. 

Mercury.         Sulphuric  Mercuric  Sulphur  Water. 

Acid.  Sulphate.  Dioxide. 

HgSO,    +    Hg    =    Hg,S04. 

Mercuric         Mercury.        Mercurous 
Sulphate.  Sulphate. 

HgaS04    -f    2NaCl    =    Hg.Cl,    +    Na^SO^. 

Mercurous  Sodium  Mercurous  Sodium 

Sulphate.  Chloride.  Chloride.  Sulphate. 

The  same  result  may  be  obtained  by  using  mercuric  chloride 
instead  of  the  sulphate,  rubbing  it  with  an  equivalent  quantity  of 
mercury  and  subliming. 

In  both  cases  the  product  is  washed  well  with  warm  water  to 
remove  mercuric  chloride,  since  the  latter  is  soluble  in  that  liquid. 
The  washing  is  known  to  be  complete  when  ammonia  causes  no 
further  turbidity  with  the  wash-water. 

Properties. — Calomel  is  *'a  white,  impalpable  powder,  be- 
coming yellowish-white  on  being  triturated  with  strong  pressure, 
and  showing  only  small,  isolated  crystals  under  a  magnifying 
power  of  one  hundred  diameters.  It  is  odorless  and  tasteless, 
and  permanent  in  the  air."  It  is  **  insoluble  in  water,  alcohol, 
or  ether,  and  also  cold  dilute  acids.** 

On  the  application  of  heat  calomel  is  volatilized  without  melt- 
ing.    One  of  its  most  characteristic  reactions  is  that  of  blacken- 
ing on  the  addition  of  lime  water  or  solution  of  ammonia.    Whe 
concentrated  hydrochloric  acid  is  boiled  with  calomel,  the  latt< 
is  converted  into  mercuric  chloride  and  mercury.     Hot  nitric 
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converts  it  into  mercuric  chloride  and  nitrate,  and  hot  sulphuric 
^cid  also  decomposes  it,  with  evolution  of  sulphur  dioxide  and 
ibrmation  of  mercuric  chloride  and  sulphate. 

Uses. — ^The  chief  use  of  calomel  is  in  medicine. 
Mercuric  Chloride^  HgCl^,  Corrosive  Sublimate,  Hydrar- 
^yri  Chloridum  Corrosivum,  U.  S.  P. — This  salt  was  described 
ty  Geber  in  the  eighth  century.  It  may  be  prepared  in  a  small 
-*»ay  by  dissolving  with  the  aid  of  heat  lo  parts  of  mercuric  oxide 
S  n  14  parts  of  25-per-cent.  hydrochloric  acid,  previously  diluted 
-^^idi  28  parts  of  water  : 

HgO    4-    2HCI    =    HgCl,    +    HaO. 

The  method  usually  employed  on  a  large  scale  consists  in  heat- 
ing4  parts  of  mercury  and  5  parts  of  sulphuric  acid,  with  forma- 
t:ion  of  mercuric  sulphate  : 

Hg    -f    2H,S04    =    HgS04    +    SOa    +    aHjO. 

The  dried  mercuric  sulphate  is  intimately  mixed  with  half  its 
'^•eight  of  common  salt  and  a  little  manganese  dioxide  to  prevent 
formation  of  mercurous  salts. 

The  dry  mixture  is  placed  in  glass  vessels ;  these  are  half 
buried  in  sand  and  heated  until  the  mercuric  chloride  is  sublimed 
^'^to  the  upper  half;  the  vessels  are  then  broken,  and  the  salt 
reneived.  The  reaction  which  takes  place  in  the  sublimation  is 
^s  follows: 

HgS04    -f    2NaCl    =    HgCl,    -f-    NaaS04. 

I^ropcrtics.  —  Sublimed  corrosive  sublimate  forms  white, 
opaque,  or  translucent,  crystalline  masses,  odorless,  and  having 
^  sharp,  metallic  taste.  It  is  permanent  in  the  air.  When  rubbed 
^^  a  mortar  it  yields  a  pure  white  powder  ;  calomel  becomes  yel- 
loMr  \irhen  so  treated. 

Corrosive  sublimate  is  soluble  in  16  parts  of  water  at  15®,  and 
^  2  parts  of  boiling  water ;  in  3  parts  of  cold  and  in  1.2  parts 
^*  boiling  alcohol ;  it  is  also  dissolved  by  4  parts  of  ether,  and  by 
*4  parts  of  glycerin. 

On  the  application  of  heat  the  salt  fuses  at  265°  to  a  colorless 

liquid,  which  at  about  300**  volatilizes  in  dense  white  vapors,  leav- 

***K  no  residue.     *  *  The  aqueous  solution  reddens  litmus  paper, 

"^t  becomes  neutral  on  the  addition  of  sodium  chloride.*'     The 

•^lution  in  water  slowly  decomposes  when  exposed  to  the  light, 

fellows: 

aHgCl,    +    H,0    =    HgaCl,    +    2HCI    -f    O. 
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The  hot  acids  dissolve  mercuric  chloride  without  decomposinj 
it ;  this  is  best  illustrated  by  the  salt's  subliming  unchanged  iron 
its  solution  in  concentrated  sulphuric  acid. 

Mercuric  chloride  forms  a  number  of  basic  chlorides ;  for  instance 
when  the  aqueous  solution  is  boiled  with  mercuric  oxide  and  the  solutioi 
is  cooled  to  60®,  a  number  of  basic  chlorides  separate,  and  the  clear  so 
lution  poured  off  from  these  yields,  on  further  cooling,  a  compound  havin] 
the  composition  2HgCla.3HgO.  When  equal  volumes  of  cold,  saturate! 
solutions  of  corrosive  sublimate  and  acid  potassium  carbonate  are  mixe< 
a  compound  having  the  composition  HgCl,.3HgO  separates  in  golden 
yellow  scales. 

Mercuric  chloride  forms  a  large  number  of  double  chlorides  with  th< 
alkali  metals ;  these  double  chlorides  are  more  soluble  than  the  mer 
curie  salt.  When  a  watery  solution  containing  equal  weights  of  mercurii 
chloride  and  ammonium  chloride  is  evaporated  a  residue  is  obtained 
which  was  formerly  known  as  sai  ale^nbroth^  and  has  the  compositioi 
2NH4Cl,HgCl,.HaO.  This  is  a  powerful  antiseptic,  not  so  irritating  a 
the  mercuric  salt  alone. 

Uses. — Mercuric  chloride  is  a  valuable  agent  from  which  t< 
prepare  the  other  salts  of  mercury.  It  also  has  extended  use  ii 
medicine,  especially  as  an  antiseptic.  Internally  it  acts  as  a  pow 
erful  poison,  except  in  very  small  doses.  The  best  antidote  12 
raw  white  of  t%%, 

Mercurous  Bromide^  Hg^Br,,  may  be  prepared  by  adding  hydrobromk 
acid  or  sodium  bromide  to  solution  of  mercurous  nitrate  ;  in  this  form  11 
bears  a  close  resemblance  to  calomel. 

Mercuric  Bromide,  HgBr,,  is  obtained  by  treating  mercury  undei 
water  unth  an  excess  of  bromine  ;  it  crystallizes  from  water  in  glistening 
scales,  and  from  alcohol  in  rhombic  needles.  It  is  not  so  soluble  in  water 
as  the  chloride,  but  is  easily  soluble  in  alcohol  and  in  ether. 

Mercurous  Iodide,  Hg^I,.  Hydrargyri  lodidum  Flaviiixia 
U.  S.  P. — This  form  of  mercurous  iodide  has  replaced  the  ^t^r. 
\'ariety  which  was  official  in  the  earlier  Pharmacopoeias,  ana 
which  was  prepared  by  nibbing  in  a  mortar  40  parts  of  mercur^ 
with  2  to  3  parts  of  alcohol  and  25.5  parts  of  iodine  added  i^ 
small  portions  at  a  time.  The  present  official  process  whicn 
yields  the  yellow  iodide  consists  in  precipitating  a  solution  ci: 
mercurous  nitrate  with  one  of  potassium  iodide  : 

Hg.CNOa),    -h    2KI    =    Hg,I,    +    2KNO,. 

The  precipitate  is  directed  to  be  u-ashed  with  alcohol  to  xtm^m 
the  last  traces  of  mercuric  salt,  and  to  be  kept  in  dark  amber- 
ored  vials,  with  the  least  possible  exposure  to  light 
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Properties. — ^The  official  salt  is  **  a  bright  yellow,  amorphous 
powder,  odorless  and  tasteless.  By  exposure  to  light  it  becomes 
darker,  in  proportion  as  it  undergoes  decomposition  into  metallic 
mercury  and  mercuric  iodide.*'  The  green  mercurous  iodide 
owes  its  color  to  the  admixture  with  it  of  metallic  mercury  and, 
perhaps,  some  mercuric  iodide. 

Mercurous  iodide  is  nearly  insoluble  in  water,  and  entirely  in- 
soluble in  alcohol  or  ether. 

On  the  careful  application  of  heat  to  290°  the  salt  melts  to  a 
black  liquid,  and  then  sublimes  in  yellow  crystals.  The  sublima- 
tion begins  as  low  as  120°. 

Mercuric  Iodide,  Hgl,.  Hydrargyri  lodidum  Rubrum, 
U.  S.  P. — This  salt  is  prepared  by  taking  mercuric  chloride,  40 
parts,  potassium  iodide,  50  parts,  each  in  a  sufficient  quantity  of 
water,  and  pouring  the  two  solutions  simultaneously  and  in  a 
thin  stream,  with  active  stirring,  into  2000  parts  of  distilled  water : 

HgCla    +    2KI    =    Hgia    -f-    2KCI. 

The  precipitate  is  well  washed,  dried  in  the  dark  between  folds 
of  filter  paper  at  a  temperature  not  exceeding  40°.  The  product 
should  be  kept  excluded  from  the  light.  Mercuric  iodide  may  also 
be  prepared  by  rubbing  in  a  mortar  20  parts  of  mercury,  moist- 
ened with  2  or  3  parts  of  alcohol,  and  25.5  parts  of  iodine,  until 
a  uniform  product  is  obtained. 

Properties.  —  Mercuric  iodide  is  a  scarlet-red,  amorphous 
powder,  without  odor  or  taste.  It  is  almost  insoluble  in 
water  ;  soluble  in  130  parts  of  alcohol  at  15°,  and  in  15  parts  of 
boiling  alcohol.  Since  the  salt  is  soluble  in  solution  of  potassium 
iodide  and  solution  of  mercuric  chloride,  it  is  important  in  its 
preparation  that  the  proportion  of  these  two  salts  be  properly 
adjusted. 

On  the  careful  application  of  heat  the  salt  melts  at  238°  to  a 
<iark-yellow  liquid.  It  slowly  sublimes  without  decomposition, 
Arming  yellow,  rhombic  crystals,  which  after  some  time  become 


Nlercuric  iodide  readily  forms  double  salts  with  the  iodides ;  for  in- 
i,  from  its  hot,  saturated  solution  in  potassium  iodide  there  separates 
mercuric  iodide,  and  then  by  further  cooling  or  evaporation  a  double 
It  having  the  composition  Hgl2,KI.i>^HaO,  in  yellow  prisms.  This 
coimpound,  under  the  name  oi  Mayer's  solution,  is  a  useful  alkaloidal  re- 
^S^^nt.    A  similar  compound  with  ammonium  iodide  is  known. 

JHercuraus  Fluoride^  Hg^Fg,  is  formed  by  digesting  calomel  with  silvei 
ftimoride ;  it  forms  in  small,  yellow  cr>'stals,  soluble  in  water. 


^eiViH^  Ibnns  as  a  white,  crystaO 
9fed  wiih  an  excess  of  hydrofluoraj 
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OXYGEN  SALTS  OF  MERCURY. 

Mercurous  Chlorate y  HgsCClOs)^,  is  formed  when  mercurous  oxide  is 
dissolved  in  chloric  acid,  and  the  solution  evaporated  at  ordinary  temper- 
atures over  sulphuric  add.  It  is  deposited  in  rhombic  prisms  which 
decompose  at  250^,  and  when  heated  with  organic  matter  deflagrate  vio- 
lently. 

Mercuric  Chlorate^  Hg(C108)8.H,0. — This  salt  is  obtained  by  dis- 
solving mercuric  oxide  in  warm  chloric  acid.  It  crystallizes  on  cooling 
in  small,  rhombic  pyramids. 

Mercurous  Sulphate^  Hg2S04,  is  prepared  by  heating  concentrated  sul- 
phuric add  with  an  excess  of  mercury.  It  is  a  dark,  crystalline  powder, 
which  melts  when  heated  and  solidifies  on  cooling  into  a  crystalline  mass. 

Mercuric  Sulphate^  HgS04. — ^This  salt  is  obtained  as  a  white,  crystal- 
line mass  by  heating  mercury  with  an  excess  of  sulphuric  add.  The 
solution  in  sulphuric  add  is  assisted  by  the  addition  of  nitric  acid.  When 
gently  warmed  mercuric  sulphate  becomes  yellow,  then  red,  and  at  a 
stronger  heat  is  decomposed  into  mercury,  oxygen,  sulphur  dioxide,  and 
mercurous  sulphate.  When  mercuric  sulphate  is  thrown  into  water  it 
is  decomposed  into  the  basic  salt 

Hydrargyri  Subsulphas  Flavus,  U.  S.  P.,  or  Turpeth 
Mineral.  —  This  ofiicial  salt  is  prepared  by  dissolving  100 
grammes  of  mercury  in  a  mixture  of  30  cubic  centimeters  of 
sulphuric  acid  and  25  cubic  centimeters  of  nitric  acid,  and,  after 
dr^nng  and  powdering  the  resulting  mercuric  sulphate,  stirring  it 
into  2  litres  of  distilled  water.  Basic  mercuric  sulphate  has  the 
composition  Hg(HgO)aS04.  It  is  **a  heavy,  lemon-yellow 
powder,  odorless,  and  almost  tasteless ;  permanent  in  the  air. 
Soluble  in  2000  parts  of  water  at  15°,  and  in  600  parts  of  boiling 
water ;  insoluble  in  alcohol ;  readily  soluble  in  nitric  or  hydro- 
chloric acid.**  On  the  application  of  heat  the  salt  turns  red, 
becoming  yellow  again  on  cooling.  At  higher  temperatures  it 
is  decomposed  and  volatilized  without  leaving  any  residue. 

Uses. — Turpeth  mineral  is  employed  in  small  doses  as  an 
alterative,  and  in  larger  doses  as  an  emetic,  although  its  use  is 
not  without  some  danger. 

Mercurous  Nitrate,  Hga(N03)a.2HaO,  is  prepared  by  acting  on  mer- 
cury in  the  cold  u-ith  dilute  nitric  add.  One  part  of  mercurj-  is  covered 
in  a  beaker  with  1.5  parts  of  nitric  acid  (25  per  cent.)  and  set  aside  in  a 
cool  place  for  several  days  : 

6Hg    -h    8HNOs    -f     2HaO    =    3Hga(N03)a.2HaO    +     2NO. 

The  solution  is  allowed  to  evaporate  until  cr>'stals  form,  when  it  is 
warmed  and  filtered  through  asbestos  from  the  undissolved  mercury* 
The  filtrate  yields  the  pure  cr>'stals  on  cooling. 
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Properties. — The  white  or  colorless  salt  readily  loses  its  water  of  cry^* 
tallization.     It  is  soluble  in  warm  water,  yielding  an  add  solution.    I.  "^ 
the  presence  of  much  water  it  is  partly  decomposed  into  a  basic  salt  cm:^^ 
variable  composition. 

Uses. — Mercurous  nitrate  has  some  use  in  the  laborator>'  as  a  reagei 
and  especially  for  the  detection  of  protein  substances  under  the  micr< 
scope.     When  used  in  this  way  it  is  known  as  MUUm's  reagent,  ai 
is  prepared  by  dissolving  i  part  of  mercury  in  i  part  of  cooled,  concei 
trated  nitric  acid,  and  adding  2  parts  of  distilled  water. 

Mercuric  Nitrate,  HgCNOg),. — This  salt  is  official  in  solutio 
as  Liquor  Hydrargyri  Nitratis.     It  is  made  by  dissolving 
grammes  of  red  mercuric  oxide  in  a  mixture  of  45  gramme— ^^C3 
of  nitric  acid  and  15  gimmes  of  distilled  water.      This  soli 
tion  has  a  specific  gravity  of  2.  i ,  and  contains  60  per  cent, 
the  salt     When  this  solution  is  concentrated  at  ordinary 
peratures  over  sulphuric  acid  it  deposits  deliquescent  crystals 
having  the  composition  2Hg(N03)g.  H^O.     Basic  salts  of  m 
curie  nitrate  are  readily  formed. 

The  solution  of  mercuric  nitrate  when  mixed  with  fat,  or 
oil,  forms  an  important  official  ointment,   under  the  name 
Unguentum  Hydrargyri  Nitratis. 

Mercurous  Phosphate,  Hge(P04)9,  is  a  white,  amorphous,  insoluble  pn^^ 
cipitate,  formed  by  precipitating  mercurous  nitrate  in  solution  by  a  sol 
tion  of  sodium  phosphate. 

Mercuric  Phosphate,  Hg3(P04)2,  is  formed  when  solution  of  sodi 
phosphate  is  added  in  excess  to  solution  of  mercuric  nitrate.    It  is  a  whi 
precipitate,  insoluble  in  water,  but  soluble  in  acids. 

Mercurous  Carbonate,  Hg,C08,  exists  as  a  light-yellow,  easily  d< 
posed  powder ;  insoluble  in  water.     It  is  prepared  by  precipitating  m< 
curous  nitrate  with  excess  of  potassium  bicarbonate.    Light  must 
excluded. 

Mercuric  Carbonate, — This  compound  is  known  only  in  the  form 
basic  salts.      One    of  these  has  the  formula  HgCOj,2HgO,  anoth 
HgCOs,3HgO.    The  former  is  produced  when  potassium  bicarbonate 
added  to  solution  of  mercuric  nitrate ;  the  latter  is  formed  when  neu 
potassium  carbonate  is  added  to  solution  of  mercuric  nitrate ;  both 
brownish-red  precipitates. 

Mercuric  Cyanide,  HglCN),,  is  prepared  by  dissolving  mercuric  oxi 
in  hydrocyanic  acid,  or  by  boiling  i  part  of  potassium  ferrocyanide 
2  parts  of  mercuric  sulphate  and  8  parts  of  water.     It  is  soluble  in  8 
of  water,  and  may  be  o^-stallized  from  hot,  aqueous  solution  in  needle 
It  readily  forms  double  salts.     Formerly  it  was  official,  and  had 
use  in  medicine  in  place  of  mercuric  chloride. 

Mercuric  Cyanate,  Hg(OCN)a.  is  obtained  as  a  white,  crystalline 
cipitate  by  adding  a  solution  of  potassium  cyanate  to  one  of 
chloride. 
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Mercuric  Thiocyanaie,  Hg(SCN)j,  is  prepared  by  precipitating  a  mer- 
curic salt  with  potassium  thiocyanate.  This  compound  is  used  in  the 
preparation  of  the  so-called  Pharaoh's  serpents.  The  powder  is  made 
into  a  plastic  mass  with  gum  and  water,  and  then  formed  into  cones  or 
cylinders.  These,  when  once  ignited,  burn  with  a  bluish  flame  and  yield 
a  bulky  ash,  which  takes  somewhat  the  appearance  of  a  serpent 

MERCURY  AND  SULPHUR. 

Mercuric  Sulphide ^  HgS.— This  compound  is  found  in  two  forms,  ac- 
cording to  its  method  of  preparation.  The  amorphous,  black  variety  is 
produced  by  precipitating  mercuric  salts  with  hydrogen  sulphide.  The 
crystalline,  red  variety  is  formed  by  sublimation  of  the  black  compound. 
The  red  is  also  found  in  nature  as  cinnabar.  It  occurs  in  red,  hexagonal 
pnsms  or  in  crystalline  masses.  The  black  variety  was  formerly  known 
as  Ethiops  mineral. 

Verfnilian  is  a  very  finely -divided  red  sulphide  prepared,  usually,  by 
subliming  a  mixture  of  8  parts  of  sulphur  and  42  parts  of  mercury. 

Uses.— Mercuric  sulphide  was  formerly  used  in  medicine,  but  at  the 
present  time  it  is  rarely  employed  in  that  way.  Vermilion  and  cinnabar 
are  much  used  in  paints. 

MERCURY  AMMONIUM   COMPOUNDS. 

Mercurous  Ammonium  Chloride^  (NH3)aHg2Cl9. — When  calomel  is 
subjected  to  the  action  of  dry  ammonia  a  black  compound  of  the  above 
composition  is  formed.  It  is  readily  decomposed  on  heating,  or  by  ex- 
posure to  the  air. 

Dimercurous  Ammonium  Chloride,  NHaHgaCI. — This  compound  is 
formed  when  calomel  is  treated  with  aqueous  ammonia. 

When  mercurous  nitrate  is  used  instead  of  the  chloride,  a  compound 
of  somewhat  variable  composition  is  formed,  having,  presumably,  the 
foimula  NHjHgjNOa.  It  was  the  mercurius  solubilis  Hahnemanni, 
^X.  is  readily  decomposed  on  exposure  to  light. 

Mercuric  Ammonium  Chloride,  NHgHgCl.     Hydrargyrum 
mmoniatum,  U.  S.  P.      White  Precipitate, — This  compound 
prepared  by  pouring  a  solution  of  100  grammes  of  mercuric 
blonde  in  2000  cubic  centimeters  of  warm  water,  into  150  cubic 
^^mtimeters  of  ammonia  water  (10  per  cent.),  keeping  the  latter 
excess. 


HgCla    4-    2NH4OH    =^    NHgHgCl    +    NH4CI    +    aHaO. 

The  precipitate  is  collected,  washed  well,  and  dried  between 
c  folds  of  bibulous  paper  at  a  temperature  not  exceeding  30°. 

I^ight  should  be  excluded  as  much  as  possible  during  the  process. 
Properties. — White  precipitate  occurs  in  * '  white,  pulverulent 

pieces,  or  a  white,  amorphous  powder,  without  odor,  and  having 
earthy,  afterwards  styptic  and  metallic  taste.     Permanent  in 
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the  air."  It  is  insoluble  in  water  and  in  alcohol.  By  prolonged 
washing  it  is  converted  into  a  basic  compound  and  becomes 
yellowish  in  color. 

Warm  hydrochloric,  nitric,  or  acetic  acid  readily  dissolves  it. 
The  salt  is  readily  soluble  in  cold  solution  of  ammonium  car 
bonate,  and  in  warm  solution  of  sodium  hyposulphite. 

On  the  application  of  heat  white  precipitate  is  decomposed 
without  fusion,  and  below  redness  it  is  completely  volatilized. 
When  heated  with  solution  of  potassium  or  sodium  hydrate  the 
salt  turns  yellow  and  evolves  ammonia. 

Uses. — White  precipitate  is  a  valuable  remedy  for  external 
application. 

Other  compounds  of  mercuric  ammonium  chloride  are  known.  The 
most  important  is  the  Mercuric  Diamtnonium  Chloride^  (NH3)(HgCl9, 
also  known  2&  fusible  white  precipitate.  It  may  be  obtained  byaddinj;: 
20  parts  of  yellow  mercuric  oxide  to  a  boiling  solution  of  100  parts  of 
ammonium  chloride  in  350  parts  of  water.  On  cooling,  crystals  of  the 
above  composition  separate.  Towards  solvents  this  compound  behaves 
similarly  to  the  preceding  one,  but  on  the  application  of  heat  it  readily^-* 
fuses  with  evolution  of  nitrogen  and  ammonia. 


CHAPTER   VI. 

ALUMINUM  AND  THE  RARE  EARTHS. 

ALUMINUM. 

SywUfol,  Al.        Atomic  Weight,  27.04.        VaUnce,  III  or  (Alt)^. 

History. — Alumina,  the  oxide  of  the  metal,  has  long  been 
known.  It  was  formerly  regarded  as  identical  with  lime  :  it  was 
shown  to  be  distinct  from  that  substance  by  Marggraff  in  1754. 
The  metal  was  first  obtained  by  Wohler  in  1828  by  the  reduction 
of  the  chloride  by  sodium. 

Occurrence. — The  most  abundant  sources  of  aluminum  are 
the  oxide  and  its  hydrates  and  the  silicates.  The  oxide  is  found 
native  as  corundum,  of  which  the  fine  crystallized  varieties  con- 
stitute the  gems  sapphire  and  ruby,  while  the  granular  variety  is 
known  as  emery.  Of  the  hydrates,  the  monohydrate,  AljOj(OH)j, 
is  the  mineral  diaspore,  the  dihydrate,  A1,0(0HJ4,  is  found  ad- 
mixed with  ferric  oxide  in  bauxite,  and  the  trihydrate,  Alj(OH)^, 
as  the  mineral  gibbsite.  Of  these  the  second  is  by  for  the  most 
important,  and  is  now  mined  both  in  France  and  in  this  country 
in  Georgia  and  Alabama  as  the  chief  material  for  the  preparation 
of  alumina  in  the  production  of  the  metal  and  for  the  manufacture 
of  alum.  A  double  fluoride  of  aluminum  and  sodium  is  also  found 
in  Greenland  as  the  mineral  cryolite  ;  a  basic  sulphate  is  found  as 
alunite  ;  and  lastly  numerous  silicates  are  found  in  the  various 
clays,  of  which  kaolin  or  porcelain  clay  is  the  purest. 

Preparation. — The  first  working  process  for  the  manufacture 
of  aluminum  is  due  to  Deville,  who  developed  and  improved 
Wohler*  s  method,  using  the  double  chloride  of  aluminum  and 
sodium,  which  he  caused  to  react  with  metallic  sodium,  according 
to  the  reaction  : 

Al,Cl«.6NaCl  -f  6Na  =  Ala  -  i2NaCl. 

This  process,  elaborated  in  1855,  remained  the  sole  one  for  its 
manufacture  for  thirty  years.  It  was  an  expensive  method,  how- 
ever, in  that  it  involved  the  use  of  the  costly  metal  sodium  and 
because  the  reaction  was  not  capable  of  being  made  a  continuous 
one.  After  the  double  chloride  had  been  prepared  by  the  action 
of  chlorine  upon  a  mixture  of  alumina,  charcoal,  and  common  salt. 
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it  was  mixed  with  some  powdered  cryolite  (double  fluoride  oi 
sodium  and  aluminum)  to  give  fusibility  to  the  slag,  and  placed 
in  shallow  trays  with  chips  of  metallic  sodium.     This  mixture  \k' 
then  placed  on  the  hearth  of  a  reverberatory  furnace  previous  5 
heated  to  redness  and  the  doors  closed,  when  an  energetic  rea^ 
tion  took  place.     After  several  hours*  heating  the  slag  was 
out  and  the   melted  aluminum   drawn  off  into   ingot  mould 
With  the  advent  of  cheaper  sodium  as  made  by  the  Castner  pr 
cess  (see  p.  317)  the  price  of  aluminum  as  made  by  the  DevilJ 
process  was  greatly  reduced,  but  it  finally  was  given  up  becau 
of  the  introduction  of  the  electrolytic  methods. 

In  1885  the  Cowles  Bros.*  patent  for  the  reduction  of  alumi 
(in  the  form  of  corundum)  by  carbon  at  the  temperature  of 
electric  arc  was  made  public.  This  process  is  not  so  mu 
adapted  for  the  production  of  pure  aluminum  as  for  the  formati 
of  aluminum  alloys,  as  aluminum  bronzes  (copper  and  aluminum 
For  this  purpose  copper  is  added  to  the  mixture  of  brok 
corundum  and  coke,  which  is  packed  in  the  charcoal-lined 
shown  in  Fig.  78,  which  shows  the  Cowles  furnace  in  plan  a 

Fig.  78. 


s. 
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Cowles'  aluminum  furnace. 

in  longitudinal  section.     The  heavy  carbon  electrodes,  deliveri 
the  current  fi'om  a  powerful  dynamo,  are  introduced  into 
mixture  from  the  side,  and  can  be  moved  so  as  to  change  the  A 
l.iiKH'  apart  as  the  reduction  proceeds  and  the  conductivity  of 
iii.iss  changes.     The  alloy  first  obtained  will  contain  fi^m  15 
.V»  p<*r  cent,  of  aluminum.     This  is  then  reduced  by  remelti.*^^ 
wwU  t'opjKT.  so  that  alloys  of  from  5  to  10  per  cent,  of  alumin'BJ*^ 
air  producod,  in  which  form  they  are  sold.     Twopurdy  dcct 
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lytic  processes  have  since  been  introduced, — the  Heroult  process 
in  1887  and  that  oi  Hall  in  1889,  and  these  now  practically 
monopolize  the  manufacture  of  the  pure  metal.  The  former,  as 
improved  and  carried  out  on  a  large  scale  at  Neuhausen  on  the 
Rhine,  in  Switzerland,   is  illustrated   in   Fig.  79,     The  positive 


L 


electrode  here  is  a  bundle  of  carbon  plates,  and  is  suspended  ia 
the  molten  bath,  while  the  negaii\e  electrode  is  of  metal,  and  is 
introduced  from  below,  where  the  metal  may  also  be  drawn  off. 
The  material  to  be  electrolyzed  is  a  mixture  of  crj'oliie  and  alu- 
mina. These  works  now  produce  daily  5000  lbs.  of  an  alumi- 
nuni  of  98-99  per  cent.  The  Hall  process,  as  worked  by  the 
Pittsburg  Reduction  Co.,  electrolyzes  a  bath  of  a  double  fluoride 
of  aluminum  and  sodium,  to  which  alumina  is  added,  from  time 
to  time,  to  regenerate  the  bath  and  re-form  the  fluoride  decom- 
posed. The  metal  made  by  this  process  is  very  pure,  running 
over  99  per  cent.  The  Pittsburg  Reduction  Co.,  in  their  new 
[dant  just  finished  at  Niagara  Falls,  have  a  capacity  of  8000  lbs. 
per  day.  The  total  production  of  aluminum  in  the  United  States 
in  1893  was3i2,ooo  lbs.  In  1892  there  was  made  by  the  Heroult 
process  in  Switzerland  286,100  kilos,  and  in  France  60,000 
kilos. 
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Properties. — Aluminum  is  a  bluish-white  metal  of  high  lustre 
and  a  specific  gra\'ity  of  2.56  when  cast,  and  2.74  when  draw 
into  wire.  It  is  a  litde  softer  than  silver,  but  its  ductility  allow 
it  to  be  drawn,  punched,  or  spun  into  almost  any  form.     It 


at  625^,  being  intermediate  between  zinc  and  silver.  It  is 
practically  non-tamishable  in  the  air,  either  dry  or  moist,  an< 
hydrogen  sulphide  has  no  action  upon  it.  It  is  not  acted  upoi 
by  water  at  any  temj>erature.  Sulphuric  acid  does  not  attack  it^  :a, 
nitric  acid  only  slowly  at  a  boiling  temperature,  but  hydrochloric:^^  ic 
acid,  both  dilute  and  concentrated,  dissolves  it  rapidly.  Solu-  .mu- 
tions  of  the  alkaline  hydrates  also  attack  it  rapidly,  dissolving  ir  .iit 
with  evolution  of  hydrogen  and  the  formation  of  an  alkalin^^  Mt 
aluminate. 

Uses. — Aluminum  is  used  in  large  and  increasing  amounts  foe 
&ncy  and  useful  articles  because  of  the  two  qualities  of  lightness 
and  fireedom  from  tarnish.     It  is  peculiarly  adapted  for  culinar^^ — t>' 
vessels,  as  the  effect  of  vegetable  juices  and  acids  upon  it  has  bee^  -^sn 
shown  to  be  less  than  upon  tin  and  copper.     The  alloys  of  aluKL^^'U* 
minum,  however,  from  a  commercial  point  of  view,  form  its  mos^^^)st 
important  applications.     Of  these,  first  in  importance  are  th 
alloN's  with  copper,  known  as  aluminum  bronzes,  and  compose^ 
of  90-95  per  cent,  copper  and  5-10  per  cent,  aluminum.     Thes^^t-=se 
alloys  are  sup>erior  to  brass  in  tensile  strength,  and  afford  superi< 
castings.     The  addition  of  a  very  small  amount  of  aluminum  t 
other  metals  seems,  in  many  cases,  to  allow  of  superior  casting^^^gs 
being  made.     Thus,  from  0.02  to  0.04  per  cent,  of  aluminm  ^^  ro 
added  to  steel  gready  improves  it ;  o.oi  per  cent,  of  aluminur^^^ni 
added  to  zinc  makes  the  molten  metal  thinner,  and  reduces  th^^=ie 
amount  of  oxidation  that  takes  place  in  the  galvanizing  process^^  ; 
zinc  with  0.05  per  cent,  of  aluminum  is  also  used  for  desilverizin   ^g 
bullion.     The  aluminum  scale  beams  now  made,  which  combii 
rigidity  with  lightness,  contain  3  per  cent,  of  silver  and  2 
cent  of  copper. 

ALUMINUM  AND  THE  HALOGENS. 

Aluminum  Chloride,  Al^Cl,  or  AICI3. — The  determination  r"  .^^ 
N'apor-density  shows  that  the  chloride  has  the  molecular  weig^Tt^^ 
corresponding  to  the  former  of  these  formulas.  Hence  we  mt 
assume  that  in  this,  and  probably  the  other  aluminum  co- 
pounds,  aluminum  acts  as  a  double  atom  with  the  valence 
The  chloride  is  obtained  by  the  action  of  chlorine  at  a  red  \m.^^sstt 
upon  a  mixture  of  alumina  and  carbon.     Clay  may  be  used     in* 
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Stead  of  alumina,  but  bauxite  is  almost  universally  employed,  and 
from  it  alumina  is  prepared.  Aluminum  chloride  is  obtained  in 
this  way  by  sublimation  in  white  hexagonal  leaflets.  It  is  very 
deliquescent,  and  rapidly  absorbs  moisture  from  the  air.  It  crys- 
stallizes  from  concentrated  hydrochloric  acid  solution  with  6 
molecules  of  water.  The  aqueous  solution  cannot  be  evaporated 
to  dryness  without  decomposition  into  alumina  and  hydrochloric 
acid.  It  readily  forms  double  chlorides  with  the  alkaline  chlo- 
rides, and  the  double  aluminum  and  sodium  chloride  is  used  in 
the  Deville  process  for  preparing  the  metal.  A  weak  solution  of 
aluminum  chloride  is  believed  to  possess  disinfecting  value,  and 
is  used  in  admixture  with  other  chlorides  for  this  purp>ose. 

Aluminum  Bramidey  Al^Br^  is  obtained  by  a  method  analogous  to 
that  described  for  the  chloride,  and  has  analogous  properties. 

Aluminum  Iodide,  Al^I^  is  best  obtained  by  the  direct  action  of  iodine 
upon  aluminum.  It  is  a  white,  crystalline  mass,  fusing  at  185®,  and  boil- 
ing at  about  400^. 

Aluminum  Fluoride,  Al^F^,  is  formed  by  passing  hydrogen 
fluoride  over  heated  alumina,  or  by  the  reaction  of  aluminum  sul- 
phate and  fluorspar,  as  now  carried  out  on  a  large  scale  in  the 
Grabau  process  for  making  metallic  aluminum.  The  aluminum 
fluoride  may  then  be  electrolyzed,  or  heated  with  a  mixture  of 
sodium  carbonate  and  charcoal,  and  the  metal  obtained  by  re- 
duction. A  double  fluoride  of  aluminum  and  sodium,  occurring 
native  in  Greenland  as  cryolite^  is  stili  more  important  in  the 
aluminum  industry.  Cryolite  is  also  the  raw  material  for  the 
manufacture  of  sodium  carbonate  (see  p.  345)  and  of  alum. 

ALUMINUM  AND   OXYGEN. 

Aluminum.  Oxide  (Alumina),  AI3O3,  is  found  native  as  corun- 
dum, ruby  and  sapphire,  and  emery.  Obtained  artificially  by 
igniting  the  hydrate,  it  forms  a  white,  amorphous  powder,  which 
is  insoluble  in  water,  and  frises  only  at  the  highest  temperature. 
Commercially  it  is  now  prepared  from  bauxite,  either  by  the 
action  of  sulphuric  acid  or  of  sodium  carbonate,  the  former  pro- 
cess dissolving  out  the  alumina  from  the  impurities,  and  the  latter 
making  a  sodium  aluminate,  which  is  soluble. 

The  Solvay  Process  Co.,  of  Syracuse,  N.  Y.,  have  recently 
completed  a  plant  for  making  alumina  from  bauxite,  the  capacity 
of  which  is  20  tons  per  day. 

Aluminum  Hydrate,  AlaCOH)^  (Alumini  Hydras,  U.  S.  P.), 
is  prepared  by  the  action  of  ammonium  hydrate  or  an  alkali 
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carbonate  upon  a  soluble  aluminum  salt.  The  official  process 
uses  sodium  carbonate  and  alum  solutions,  and  then  strains  off 
the  precipitate,  and  washes  it  thoroughly  with  hot  water  to  re- 
move the  alkali  sulphates.  When  freshly  precipitated  it  is  a 
white,  gelatinous  precipitate.  When  dried  at  a  temperature  not 
exceeding  40°  it  can  be  reduced  to  a  uniformly  fine  white  pow- 
der, which  is  insoluble  in  water  or  alcohol,  but  completely  soluble 
in  hydrochloric  or  sulphuric  acid,  and  also  in  potassium  or  sodium 
hydrate  solutions. 

Gelatinous  aluminum  hydrate  possesses  the  property  of  pre- 
cipitating many  dyestuffs  from  their  solutions,  forming  insoluble 
colored  compounds  {lakes)  with  them.  Hence  the  importance 
of  aluminum  compounds  as  mordants  in  dyeing.  The  acetate 
of  aluminum  is  often  used  in  this  connection,  as  when  the  mor- 
danted goods  are  steamed  the  acetic  acid  passes  off,  leaving  the 
aluminum  hydrate  upon  the  fibre. 

Aluminum  hydrate  in  the  presence  of  more  electro-jx)sitive 
oxides  can  act  as  a  weak  acid  and  form  salts  called  aluminaics. 
Of  these  sodium  aluminate,  Ala(ONa)g,  is  the  best  known,  play- 
ing an  important  part  in  the  ''cryolite  process'*  for  making 
sodium  carbonate  (see  p.  345).    Similar  aluminates  occur  in 

as  minerals,  as  spinel,  or  magnesium  aluminate,    aiO  O^^^* 

chrysoberyl^  or  beryllium  aluminate,  and  gahnite^  or  zinc  alumi- 
nate. 

OXYGEN  SALTS  OF  ALUMINUM. 

Aluminum  Sulphate,  Al^CSOJa+iGHjO  (Alumini  Sulphas, 
U.  S.  P.). — This  salt,  with  16  molecules  of  water  of  crystallization,    .^ 
forms  a  white,  crystalline  powder,  without  odor,  having  a  sweetish,   ^ 
and  afterwards  astringent,  taste.     It  is  readily  soluble  in  water,  ,^  " 
but  insoluble  in  alcohol.     The  salt  has  an  acid  reaction  on  litmu^^^ 

paper.     A  commercial  sulphate  containing  i8HgO  is  also  manu ^ 

factured  on  a  large  scale  under  the  name  of  *  *  concentrated  alum,*"^ 
or  **alum  cake.*'  A  basic  sulphate,  Alj(S04)3.3Alj03.9H,0,  is 
found  native  as  the  mineral  alunite. 

Aluminum  sulphate  unites  with  alkali  sulphates  to  form 
class  of  well  characterized  and  crystallizable  double  sulphate 


*f 


which  are  known  by  the  general  name  of  Alums,     In  a  still  wid^^M^srr 
sense,  the  term  is  applied  to  the  whole  class  of  double  sulpl 
in  which  we  have  a  sesquisulphate,  an  alkali  sulphate,  and 
molecules  of  water  crystallizing  together. 
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Aluminum  and  Potassium  Sulphate  (Potash  Alum),  Al^Kj- 
(804)4  +  24HjO  (Alumen,  U.  S.  P.),  is  manufactured  on  a  large 
scale  either  from  alum  shale,  bauxite,  or  cryolite.  The  first  of 
these  materials,  which  was  generally  used  until  recendy,  is  a  clay 
containing  iron  pyrites,  which,  on  calcination,  furnishjss  the  sul- 
phuric acid  to  combine  with  the  alumina  of  the  clay.  The 
solution  obtained  by  lixiviation  of  these  heaps  is  concentrated 
and  potassium  chloride  is  added,  when,  on  standing,  the  potash 
alum  will  crystallize  out. 

Alum  forms  large,  colorless,  octohedral  crystals,  having  a 
sweetish  but  strongly  astringent  taste.  On  exposure  to  the  air 
the  crystals  are  liable  to  absorb  ammonia  and  acquire  a  whitish 
coating.  It  is  soluble  in  water,  but  insoluble  in  alcohol.  When 
heated  carefully  to  200°  it  loses  all  its  water  of  crystallization  and 
leaves  dried  alum  (Alumen  Exsiccatum,  U.  S.  P.),  which 
retains  all  the  chemical  characters  of  the  crystallized  alum.  The 
total  production  of  alum  in  the  United  States  in  1893  was  between 
45,000  and  55,000  tons. 

Alum^inum  and  Ammonium  Sulphate  (Ammonia  Alum),  Al^- 
(NH4),(S04)4.24HjO,  crystallizes  in  the  same  octohedral  forms 
as  potash  alum,  and  is  very  similar  in  characters,  but  is  slightly 
more  soluble  in  water. 

Sodium,  rubidium,  caesium,  silver,  and  thallium  alums  have  all 
l>een  prepared. 

^iuntinum  Phosphate ^  Als(P04)s,  maybe  obtained  by  adding  a  solu- 
of  alum  to  sodium  orthophosphate.    The  mineral  wavellite  is  a  basic 
xninum  phosphate,  2AIa(P04)2.Alj(OH)e.9H20,  occurring  in  rhombic 
Turquoise  found  in  Persia,  Silesia,  and  Mexico  has  the  compo- 
ition  Ala(P04)a.  AlatOH)e.2H,0. 

.Aluminum  Silicates, — A  large  number  of  silicates  found  native 

*"^  double  silicates  of  aluminum  and  other  bases.     By  the  decom- 

of  these  in  situ  pure  aluminum  silicates  are  often  formed. 

us,  one  of  the  most  abundant  minerals  is  feldspar,  a  double 

Plicate  of  aluminum  and  potassium  or  sodium.      Its  gradual 

decomposition  with  the  elimination  of  the  alkali  gives  rise  to  the 

"^e  deposits  of  kaolin  or  porcelain  clay,  a  very  pure  aluminum 

icate.     The  common  clays  found  so  abundantly  have  resulted 

er  from  similar  decomposition  of  aluminum  silicate  minerals  or 

their  gradual  comminution  and  deposit  by  aqueous  agency. 

■^^Mery  and  Ceramics, — ^The  most  important  utilization  of  the  clays  is 
t^e  manufacture  of  the  various  grades  of  pottery  and  earthenware. 
^MTe  may  distinguish  between  the  infusible  clays,  of  which  kaolin  or 
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"China  clay"  is  an  example,  and  fusible  clays,  of  which  the  common 
clays  for  earthenware  manufacture  afford  examples.  To  these  may  be 
added  the  colored  clays  used  for  the  brick  and  terra-cotta  industry.  The 
ditference  in  chemical  character  of  these  three  groups  may  be  seen  from 
the  subjoined  anal>'ses : 


Silica  .... 
Alumina  .  . 
Magnesia  .  . 
Lime  .... 
Ferrous  oxide 
Water     .  .  . 


Kaolin. 


I   Fusible  Clay. 


46.31  per  cent. 

39.91 
0.44 

0.43 
0.27 

12.69 


i» 


t» 


•  4 


»• 


\K 


•  t 


(( 


<( 


t« 


100.05 


66.38 

26.08 

trace 
0.84 
1.26 

5.14 


99-70 


Brickmaker's  Clay. 


49-44 
34.26 

1.94 
1.48 

7.74 
5.14 


lOO.CO 


From  kaolin,  to  which  has  been  added  a  so-called  flux,  usually  fel 
spar,  is  made  porcelain.    The  materials  are  thoroughly  admixed  in 
finely-ground  and  le\ngated  condition  with  the  aid  of  water,  and  after  t 
articles  are  shaped  on  the  potter's  wheel  or  by  hand  they  are  dried 
burned  in  the  iH>tter>-  kiln.    This  is  sho>iiTi  in  sectional  \iew  in  Fig. 
The  ware  is  placed  in  vessels  kno>ii*n  as  •* saggers,"  which  are  arrang 
one  above  the  other  in  columa*^  in  the  compartments  of  the  kiln  as  sho 
in  Fig.  8i .    The  baked  u*are  is  known  as  **  porcdain  biscuit,  **  and  is  th 
to  be  gix-en  a  glaze.    This  is  a  mixture  of  silicate  of  alumina  and  alkali 
and  is  appHeii  in  a  thin  cream,  dried  on.  and  then  burned  again  in  t 
kiln  at  a  temperature  sutiicient  to  cause  uniform  fusion  on  the  surface. 

Crmr7ifs. — The  natural  calcareous  clays  and  artificia]  mixtun 
of  similar  composition  are  used  in  the  manufEicture  of  hydraul 
mi^rrars  or  cements.     Common  or  Roman  cements  are  p 
>x-  jMiminvr  natural  calcareous  daj-s  or  cement-cxxk  at  a  tempe 
;   -x  short  of  that  required  to  cause  the  sintering  of  the  ma 
*\^-.T]A-"!d  cement,  on  the  other  hand,  is  made  from  mixtures 
'    -,-v;o:^e  And  clav  or  natural  cement-rod:,  of  5=udi  compositi 
.  .  n  v^  -  bumcti  the  product  will  contain  from  55  to  60  per  ce 
N    *:v.ni  22  to  25  per  cent,  of  silica,  and  stome  7  per  ce 
-'  •...      This  v.inety  is  also  burned  until  the  mias  is  sint 
.  ^,  '^        •.  :<  t^jon  irround,  allowed  sei^cra]  mondis  to 
,    x.  A.\:  in  Kirrels.     These  cements  «re  essenXialh 

".'  ,',-^d  alumina,  and  the\-  "*«$''  br  virtue  of  ih^ 
.v.*  •  >  'c  and  combining  with  water.     The  productr^ 
,v.;;/.:o  cement  in  the  Umted  States  far  die  v— 
:  ^  -  Nv^;.^S«;  bbls.  of  ^oo  lbs.,  and  of  PortL^t**' 
;  .*i-  year  to  596,531  bbk. 


4  > 


«« 


.' » 


\ 
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Vllramarine  is  a  blue  coloring  matter,  consisting  of  stllca, 
alumina,  soda,  and  sulphur,  first  found  in  the  rare  and  costly 
mineral  lapis  lasuli.  but  since  iSaS  made  artificially.  Amlxture 
of  kaolin,  charcoal,  and  sodium  suij)hate  or  carbonate  is  heated 
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rr-:lay  crucibles,  and  the  green  mass  thus 
..-sderand  then  roasted  in  thin  layers  wiih 
:=i  the  required   blue  shade  is  obtained. 


?ttt  '?rthe  «odium  in  ultramarine  is  combined  as  a  double  silica  .^:^-3te 
*;[ii  iluinin-i.  and  part  is  present  as  sulphide.  Hence,  wh»  .^eJi 
utrjinarine  is  healed  with  hydrochloric  acid,  hydrogen  sulphi^  -Mdc 
■»'ivvx\'ifi  jnd  the  blue  color  is  destroyed. 

\':oiet  iitd  red  ultramarines  are  also  prepared  at  present  C-  oy 
cwiidui;tini;  dr)-  hydrochloric  acid  gas  and  air  over  common  ult^^E^a- 
ni.irn<  at  ioo'-i50°-  The  present  annual  production  of  ukran—^^a- 
Hutf  is  about  9000  tons,  of  which  Germany  produces  6500  tons— 

RARE  EARTHS   AND   METALS. 
In  some  relatii'ely  rare  minerals,  like  ceriti*,  Kadolinite,  allanite,  mo  na- 
..        J  sjmiarskite,  occur  a  number  of  metals,  the  oxides  of  whith.      a¥e 
rv  analoK""^  to  alumina  in  chemical  cliaraclers.    They  will  be  br^^By 

rated,  and  their  relationships  in  the  list  ol  etemenis  pointed  c 
'Z.imJJMitf  (Sc  =  43-97)  ts  contained  in  euxenitc  and  gadolinile. 
"■  fc-   Sc  O    Is  '^  white,  infusible  powder  like  maKnesia. 
ii^Se,  S^OH )»  and  a  douWc  sulphate  or  alum,  Sc,{SO^), + jK^^SO* 
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It  is  interesting  as  having  been  discovered  since  the  announcement  of  the 
periodic-system  theory,  and  as  tilling  a  place  pointed  out  in  that  system. 

VUrium  ( Yt  =^  88.9)  is  mostly  obtained  from  gadolinite.  It  forms  a 
potassium  double  sulphate,  soluble  in  potassium  sulphate  solution,  and 
thus  separable  from  cerium,  lanthanum,  and  did>'mium. 

Lanthanum  (La  =  158.2)  has  been  obtained  by  the  electrolysis  of  its 
chloride  as  a  metal  resembling  iron  as  regards  color  and  lustre,  and  with 
a  specific  gra\'ity  6. 16. 

Ytterbium  (Yb  =  172.6)  is  obtained  from  the  so-called  erbium  earths 
by  fractional  decomposition  of  the  mixed  nitrates  by  heating.  Its  oxide, 
VbjOg,  is  a  white,  infusible  powder,  of  specific  gravity  9.17. 

These  four  elements  form  a  sub-group  of  basic  elements,  attaching  to 
aluminum  in  the  third  group  of  the  periodic  system  (see  p.  286). 

Cerium  (Ce  =  139.9)  occurs  in  cerite  to  the  amount  of  60  per  cent,  of 
the  oxide.  The  metal  has  been  obtained  by  the  electrol>'sLs  of  the  chlo- 
ride. It  is  very  similar  to  lanthanum,  but  bums  more  readily.  Its  spe- 
cific gravity  is  6.72.  It  forms  two  oxides,  CegOa  and  CeO,.  The  salts 
of  the  sesquioxide  are  colorless,  while  those  obtained  from  the  dioxide 
are  yellow  or  brown. 

Cerium  Oxalate,  CejCCjO^VgHjO  (Cerii  Oxalas,  U.  S.  P.), 
"forms  a  white,  granular  powder,  without  odor  or  taste,  and 
permanent  in  the  air.  Insoluble  in  water,  alcohol,  ether,  or  in 
solutions  of  potassium  or  sodium  hydrate ;  soluble  in  diluted 
sulphuric  or  hydrochloric  acid.  When  heated  to  redness  it  b 
decomposed,  leaving  a  residue  of  reddish-yellow  eerie  oxide." 
Cerium  nitrate  has  also  been  employed  in  medicine,  although  not 
official.  The  terium  salts  are  ner\'ine  tonics,  and  useful  in  cases 
of  vomiting  and  dyspepsia. 

Didymium  (Di  --  142)  forms  two  oxides,  DigOa  and  DijO©.  The  salts 
of  didymium  by  fractional  cr>'stallization  can  be  broken  up  into  salts 
of  what  are  apparently  two  distinct  bases,  neo-didyniium  and  praseo- 
didymium ;  the  salts  of  the  first  class  are  rose-red  and  of  the  second 
yellowish-green  in  color. 

Samarium  (Sm  =■=  149.62)  was  discovered  in  samarskite.  It  is  very 
similar  to  did>'mium. 

Erbium  ( Er  =  166)  forms  an  oxide,  ErjOa,  of  reddish  color,  and  has 
not  certainly  been  obtained  as  yet  pure. 

Terbium  (Tb  —  159.  i)  occurs  in  larj^e  amount  in  samarskite.  The 
oxide  has  an  orange-yellow  color,  and  otherwise  resembles  the  oxide  of 
erbium. 

These  elements  all  form  sesquioxides,  but  are  not  as  closely  related  to 
aluminum,  as  they  seem  to  form  higher  oxides  also  and  several  series  of 
salts. 

Three  hea\'y  metals  also  form  a  sub-group  belonging  in  the  same 
group  of  the  periodic  system  as  aluminum, — \\z.,  gallium,  indium,  and 
thallium. 
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The  impure  metal  obtained  is  cast  into  ingots,  which  are  sin 
jected  to  a  well-regulated  heat,  by  which  means  the  tin  is  mad 
to  melt  and  run  off,  leaving  behind,  as  a  hard  mass,  any  iron  4 
copper  present.  , 

The  final  purification  is  effected  by  ^itating  the  multea  inet^ 
The  lighter  impurities  rise  to  the  surface  and  are  skimmed  ofl 
the  heavier  settle  to  the  bottom  of  the  vessel,  and  from  these  tlj 
tin  is  ladled  off  Into  ingot-moulds.  { 

Properties. — Tin  is  dimorphous,  crystallizing  in  forms  b^ 
longing  lo  the  isometric  and  the  quadratic  systems.  It  has  i 
white,  lustrous  appearance,  is  a  good  conductor  of  heat  an| 
electricity,  and,  on  account  of  the  fi"iction  of  its  crystalline  pai 
tides,  it  emits,  when  bent,  a  cracking  sound,  de^gnated  as  tbi 
"cry  of  tin."  j 

It  is  softer  than  zinc  but  harder  than  lead,  with  the  exceptioi 
of  which  its  ductility  is  lowest  of  all  the  metals  in  common  us^ 
while  in  malleability  it  is  surpassed  by  gold,  silver,  and  coppej 
only. 

At  ioo°  its  ductility  is  increased,  and  it  may  be  drawn  intQ 
wire  ;  at  aoo"  it  becomes  brittle,  and  may  be  powdered  ;  and  a^ 
233°  it  melts,  being  the  most  hisible  of  common  metals.  1 

The  specific  gravity  of  the  metal  is  7.25.  Metastannic  add  ilj 
produced  by  the  action  of  nitric  add  upon  tin.  Hydrochloric 
acid  dissolves  it  with  evolution  of  hydrogen  and  formation  oil 
chloride,  nhile  strong  alkalies  act  in  a  like  manner  with  the  prcK 
duction  of  metastan  nates. 

Tin  combines  directly  with  most  of  the  non-metals,  the  chi 
ter  of  product  depending  on  the  conditions. 

Uses.^In  the  form  of  granules  or  foil  pure  metallic  tin  ii 
directed  by  the  United  States  Pharmacopoeia  to  be  used  for  th4 
preparation  of  fresh  stannous  chloride  as  a  reagent.  The  beaC 
tin  hammered  to  the  proper  thinness  constitutes  tin-foil,  but  or^ 
dinary  tin-foil  consists  largely  of  lead.  j 

Tinned-plaie  is  sheet-iron  superficially  coated  with  the  meta^ 
those  products  having  the  very  thick  layers  of  the  coating  beingj 
known  as  block-tin.  Copper  protected  by  a  film  of  tin  fumishcl 
a  valuable  material  for  the  manufacture  of  culinary  and  otho^ 
utensils.     Pins  are  brass  wire  coated  in  the  same  manner. 

Adoy*  of  Tin.— Tin  forms  with  lead  the  useful  alloys  hrilannia  m 
pneter,  and  soldtr,  and  with  copper  fw»-i«w&/,  bronze,  bell-mftal,  4 
hnit-mrtal,    And   pkosphor-bronze.    the  latter   owing   its   hardness   I 
elasticity  to  several  per  cent,  of  tin  introduced  a: 
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stannic  chloride  is  decomposed  by  an  alkaline  hydrate,  or  when  a  solution 
of  a  stannate  is  carefully  precipitated  by  an  acid.  The  stannic  hydrate 
exhibits  acid  properties,  reddening  blue  litmus  paper.  Heat  decomposes 
it  into  water  and  stannic  oxide. 

Metastannic  hydrate  or  acid,  HjoSngOxs,  results  when  hot  nitric  acid 
acts  on  tin.  It  is  distinguished  from  stannic  acid  by  being  altogether  in- 
soluble in  nitric  acid.  Both  compounds  dissolve  in  alkalies  to  produce 
salts  known  as  stannates  and  metastannates ;  the  latter  have  complicated 
compositions. 

OXYGEN  SALTS  OF  TIN. 

By  far  the  most  important  compound  of  this  class  is  sodium  stannate, 
NagSnOa  -(-  4H2O.     It  is  prepared  either  by  fusing  the  stannic  oxide  unth 
alkali,  or  the  metal  with  alkali  and  sodium  nitrate,  or  by  dissolving  the 
hydrated  oxide  in  lye.     Under  the  name  of  **  preparing  salts"  it  is  exten- 
sively employed  in  calico-printing.     The  salt  forms  hexagonal  crystals. 
The  stannates  of  the  alkali  metals  are  soluble,  those  of  the  earthy  and 
hea\7  metals  insoluble,  in  water,  and  may  be  prepared  by  precipitation 
of  the  soluble  stannates.     The  metastannates  of  the  alkali  metals  are  also*^=^  ^^q 
used  in  dyeing.     Stannous  nitrate,  stannous  sulphate,  stannic  nitrate,^ 
and  stannic  sulphate  are  all  recognized.     The  salts  of  tin  possess  an  un — 
pleasant  metallic  taste  and  an  acid  reaction. 

TIN  AND  SULPHUR. 

Stannous  Sulphide^  SnS,  is  obtained  by  heating  together  the  metal  anc^ 
sulphur,  or  by  precipitating  a  solution  of  stannous  chloride  with  hydrogecK-- 
sulphide. 

When  obtained  by  the  first  process  it  is  a  lead-gray,  tough,  crj'stallin" 
mass ;  from  the  second  method  of  preparation  it  is  had  as  a  brown  pi 
cipitate,  which  becomes  black  on  drying. 

Stannic  Su/phide^  SnS2. — This  well-known  compound  is  usually  ot:^'*^)b- 
tained  by  heating  together  tin-amalgam,  sulphur,  and  sal-anunonia(9»^.«Eac, 
whereby  it  is  obtained  in  gold-colored,  translucent  scales.  It  is  use-^^-sed 
largely  for  bronzing  articles  of  gypsum  and  wood,  and  is  knoun  s^  as 
**  mosaic  gold." 

TIN  AND   PHOSPHORUS. 

Three  phosphides  of  tin  are  known.    They  are  respectively  SnF 
SngPg,  and  SngP.    The  last  is  the  only  one  made  use  of.     It  is  a 
crystalline  mass  formed  by  the  union  of  the  proper  quantities  of  the  tm^r^  two 
elements,  and  is  used  for  the  production  of  phosphor-bronze. 

GERMANIUM. 
Symbol,  Ge.  Atomic  Weight ,  72.3.  Valence,  II  and  IV. 

This  extremely  rare  element  was  discovered  in  1886  by  Winkler  tk  -^r  in 
argvrodite,  a  silver  ore  mined  at  Freiberg. 

Upon  discovery  it  was  found  to  possess  the  exact  characteristics  of 
hypothetical  eka-silicon,  whose  properties  Mendelejeff,  by  the  aid  of 
**  Periodic  Law,"  had  predicted  in  187 1. 
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Germanic  oxide,  as  also  the  hydrate,  appears  to  possess  add  proper- 
ties. 

On  account  of  the  unstable  character  of  germanic  sulphide  it  requires 
to  be  precipitated  in  the  presence  of  considerable  free  hydrochloric 
acid. 

When  this  compound  is  heated  in  a  current  of  hydrogen,  germanous 
sulphide,  GeS,  is  produced.  It  may  also  be  obtained  as  a  red-brou-n 
precipitate  by  passing  hydrogen  sulphide  into  a  solution  of  germanous 
chloride. 

LEAD   (Plumbum). 

Symbol,  Pb.  Atomic  Weight,  206.4.  Valence^  II  and  IV. 

History. — Lead  has  been  known  from  the  earliest  times.  It 
was  designated  Saturn  by  the  alchemists,  who  believed  that  some 
connection  existed  between  the  metals  and  the  planets. 

Occurrence. — Lead  has  been  found  in  nature  uncombined,  but 
in  small  quantity  only,  as  in  certain  volcanic  tufa.  The  oxides  of 
lead  are  found  in  a  few  rare  minerals.  By  far  the  most  abundan 
and  important  ore  of  lead  is  the  sulphide  or  galena^  PbS  ;  this  i 
very  widely  distributed,  usually  occurring  with  quartz,  fluor-spar, 
calc-spar,  and  heavy  spar.  The  most  important  deposits  in  Eng 
land  are  those  of  Cornwall  and  Cumberland.  In  the  Unit 
States  there  are  two  localities  which  furnish  the  chief  supply  o 
lead, — the  Rocky  Mountain  district,  in  which  the  lead  is  a  by 
product  in  the  preparation  of  silver,  and  the  Mississippi  Valle 
district,  in  which  galena  is  worked  for  lead  alone.  The  ores  ar 
known  respectively  as  argentiferous  and  non-argentiferous,  th 
former  furnishing  by  far  the  greater  proportion  of  lead, 
or  native  carbonate,  PbCOg,  and  anglesite  or  native  sulphate 
PbS04,  are  ores  of  minor  importance  when  compared  wi 
galena. 

The  total  production  of  lead  in  the  United  States  during  i 
amounted  to  193,928  tons,  valued  at  14,467,029  dollars.     T 
total  production  of  the  world  during  that  time  amounted  to  som 
thing  over  half  a  million  tons. 

Extraction. — Lead  is  almost  exclusively  prepared  from  gale 
In  case  the  ore  is  nearly  free  from  other  metallic  sulphides  a 
silica,  it  is  roasted  in  a  reverberatory  furnace,  whereby  a  part 
thf  sulphide  is  converted  into  oxide  and  sulphate  ;  air  is  then 
eluded,  the  temperature  is  increased,  when  the  following  reacti 
lake  place  with  formation  of  metallic  lead  : 

PbS      -f      aPbO       =     3Pb      -f      SOf 
PbS      -f      PbS04      =    *2Pb      -f      2SO^ 


LEAD.  4^1 

rhis  is  known  as  the  air  reduction  process,  and  is  conducted  in 
imace  as  shown  in  Fig.  82.     The  furnaces  are  constructed  to 


Lead  furnace. 


Id  30  tons  of  ore,  which  is  introduced  at  T,  and  evenly  spread 
9*  the  hearth,  which  is  hollowed  out  at  b,  so  as  to  allow  the 
tal  to  collect,  and  from  which  it  can  be  drawn  out  by  a  tap- 
e  into  an  iron  pot.  When  the  ore  is  impure,  charcoal  is  used 
assist  in  the  reduction.  Small  quantities  of  other  metals  are 
aoved  by  melting  the  lead,  and  subjecting  it  to  the  oxidizing 
ion  of  a  current  of  air  in  a  reverberatory  furnace.  The  im- 
nties  oxidize  6rst,  rise  to  the  surlace,  and  are  removed  as 

roa  is  sometimes  used  as  a  reducing  agent.  This  is  accom- 
thed  by  placing  alternate  layers  of  the  ore  and  an  iron  slag 
a  blast-lumace  (Fig.  83).  In  this  process  a  portion  of  the 
d  is  reduced  by  the  metallic  iron,  a  considerable  residue, 
wever,  remaining  behind  in  the  form  of  sulphide,  together 
h  the  sulphides  of  iron  and  other  metals  contained  in  the 
'.  This  slag  or  lead  regulus  is  then  worked  up  according  to 
■  character  of  .the  metals  of  which  it  is  composed.  Sometimes 
>per  is  a  constituent,  in  which  case  it  may  be  so  rich  in  that 
tal  as  to  pay  for  extracting  it. 

When  argentiferous  lead  ores  are  worked  the  process  becomes 
■dified  according  to  the  richness  of  the  ore  in  silver,  or  the 
d  is  further  treated.  If  silver  predominates,  the  ore  is  oxidized 
1  cupelled  as  described  under  that  metal.     It  is  much  oftener 
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the  case  mat  the  lead  predominates,  when  Pattinson's  pro 
employed.  This  consists  in  cooling  the  melted  melai,  wha 
lead  first  crystallizes  o 
is  removed  by  peri<a 
ladles.  In  this  way  a  | 
very  rich  in  silver  H 
tained,  which  is  cupeOl 
Parke's  process  fo^ 
silverng  lead  is  hasti 
the  fact  that  melted] 
and  zinc  do  not  mix  i 
proportions.  By  ad| 
therefore,  a  certain  pr^ 
tion  of  zinc  to  the  a^ 
tiferous  lead,  an  alloij 
zinc  and  silver  is  tort 
which  rises  to  the  tott 
solidities.     It  is  then  4 


Properties. ^Leadj 
bluL.'^h-gray,  lustrous  nri 
it  is  soft  and  malleabl^ 
is    not     capable    of    H 
drawn     into    wire.      | 
easily  cut  with  a  knileJ 
when     drawn     o\er 
paper  leaves  a  gfray 
Lead   melts  at  327.7' 
quickly    becomes 
with  a  layer  of  oxide  a 
red  heat  it  vaporizes  slo 
and  when  heated  to 
ness,  distib.       Melti 
crystallizes,     when 
slowly,  in  regular  octohedrons.     The  specific  gravity  of 
II-37- 

Pure  water  does  not  dissolve  lead  so  long  as  air  is  excl 
when,  however,  air  is  present,  lead  hydrate  is  formed, 
slightly  soluble  in  water.  Rain  water  and  distilled  wati 
dissolve  minute  quantities  of  lead  ;  hot  water  containing 
proportions  of  various  salts,  notably  chlorides  and  sul| 
does  not  dissolve  the  metal.     With  most 


»st  natural  waters,  d 
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fore,  lead  pipes  may  be  employed.  Carbonated  waters  should 
not  be  passed  through  such  pipes,  unless  the  latter  are  well  tinned 
on  the  inner  surface. 

Concentrated  hydrochloric  or  sulphuric  acid  attacks  lead  but 
slowly,  even  when  warmed,  but  nitric  acid  dissolves  it  readily. 
Weak  acids  like  acetic  will  dissolve  it  in  the  presence  of  air. 

Uses. — On  account  of  its  power  to  resist  the  action  of  air, 
water,  and  acids,  lead  is  employed  for  a  great  variety  of  pur- 
poses. Enormous  quantities  are  used  in  the  manufacture  of 
lead  pipe.  It  is  also  the  best  material  for  lining  sulphuric  acid 
chambers.  Bullets  and  shot  are  made  of  lead  ;  the  latter  contain 
one-half  per  cent,  of  arsenic  in  order  to  give  them  a  spherical 
form. 

Alloys  of  Lead.— Lead  enters  largely  into  the  composition  of  a  number 
of  useful  alloys.  Type-metal  is  composed  of  2  parts  lead,  1  part  each  of 
antimony  and  tin.  Solder  consists  of  i  part  lead  and  2  parts  tin ;  a  com- 
mon variety  is  made  of  equal  parts  of  these  two  metals. 

LEAD  AND  OXYGEN. 

Lead  Suboxide^  PbjO. — This  compound  is  formed  on  the  surface  of 
melted  lead  when  the  temperature  is  not  too  high.  It  may  be  prepared 
by  heating  lead  oxalate  in  an  atmosphere  free  from  oxygen  and  at  a 
temperature  below  300®.  It  is  a  black,  velvety  powder,  which,  if  heated 
without  access  of  air,  decomposes  into  the  metal  and  monoxide. 

Lead  Monoxide,   PbO.     Plumbi  Oxidum,  U.  S.  P.     Lith- 
urge* — A  rare  mineral  found  near  Vera  Cruz  is  composed  of 
this  substance.     There  are  two  varieties  of  lead  oxide  in  com- 
merce,— namely,  massicot ,  which  is  yellow  in  color  and  prepared 
by  carefully  heating  lead  carbonate  or  nitrate  to  low  redness,  and 
litharge,  which  has  been  prepared  at  a  much  higher  temperature, 
and  is  a  by-product  in  the  desilverization  of  lead  ores.     Litharge 
is    obtained  at  a  temperature  sufficientiy  high  to  fuse  it,  and  in 
solidifying  it  forms  shining,  scaly  masses,  which  are  sometimes 
of  a  yellowish  color,  but  oftener  inclining  to  red. 

Properties. — The  official  oxide  is  **a  heavy,  yellowish,  or 
reddish-yellow  powder,  or  minute  scales,  without  odor  or  taste. 
On  exposure  to  the  air  it  slowly  absorbs  moisture  and  carbon 
dioxide."     It  is  almost  insoluble  in  water,  but  when  left  in  con- 
tact with  it  imparts  to  it  an  alkaline  reaction.     It  is  insoluble  in 
alcohol,  but  soluble  in  acetic  and  dilute  nitric  acids,  and  in  solu- 
tktts  of  sodium  and  potassium  hydrates. 
On  the  application  of  heat  lead  oxide  assumes  a  brownish-red 


464  CHEMISTRY  OF  THE  METALS. 

color,  and  at  a  red  heat  it  fuses.     When  heated  before  the  blow 

pipe  on  charcoal  it  yields  metallic  lead. 

Uses. — Litharge  is  extensively  used  in  the  manufacture  or""k.{ 

flint  glass,  and  is  a  constituent  of  the  glaze  used  for  earthenware ^. 

It  is  also  useful  as  a  starting-point  for  a  number  of  other  leacfc:^  ,d 
compounds. 

Lead  Sesquioxide,^  PbgOa,  is  formed  as  a  reddish-yellow  powder  uhei- m  *-^=^ 
cold  solution  of  lead  hydrate  in  sodium  hydrate  is  mixed  with  a  solutioi  -w  «-z>n 
of  sodium  hypochlorite,  or  when  a  solution  of  red  lead  in  acetic  acid  v^m  is 
precipitated  by  ver>'  dilute  ammonia.  It  is  decomposed  by  acids  into  tht»  m— *e 
monoxide  and  dioxide,  and  is  therefore  considered  to  be  a  mixture  ot  -•zizwf 
these  two. 

Red  Lead  or  Minium,  Pb304. — ^When  litharge  is  carefully  heated  thi  m-  m^xs 
oxide  is  formed.  The  commercial  product  is  of  variable  compositionr-«r  -•n. 
It  is  used  as  a  pigment  and  in  the  preparation  of  the  finer  kinds  of  fliir-.^  jnt 
glass. 

Lead  Dioxide  or  Peroxide,  Pb02.— This  is  also  known  ?&  puec-coiore^  ^  ^m^ed 
lead  oxide.  It  is  obtained  by  boiling  lead  acetate  solution  with  solutio'^z^^on 
of  bleaching  powder,  or  in  the  dry  way  by  heating  4  parts  of  litharge  Mil  .^  -ith 
8  parts  of  potassium  nitrate  and  i  part  of  potassium  chlorate.  It  is  alsjzis:  iso 
readily  obtained  by  heating  red  lead  with  nitric  acid. 

Lead  peroxide  is  a  dark-brown,  amorphous  powder,  which  is  readiV  Sly 
decomposed  by  heat  into  lead  monoxide  and  oxygen.     It  occurs  natix"^-^^"  ve 
in  black,  hexagonal  prisms  as  plattnerite.     Lead  peroxide  has  a  stron^c~sig 
oxidizing  action  on  many  compounds,  especially  those  of  an  organli-^^EUc 
character. 

Lead  Hydrate,  Pb(OH)2,PbO. — This  is  more  properly  called  ox\-hi 
drate.     It  is  obtained  as  a  white  precipitate  when  solution  of  lead  acetai 
or  nitrate  is  treated  with  so  much  solution  of  sodium  or  potassium  hydral 
as  is  necessary  to  produce  an  alkaline  reaction.     It  is  insoluble  in  wate 
but  easily  soluble  in  excess  of  sodium  or  potassium  hydrate,  forming  tJr 
compounds  Pb(ONa )  g  and  Pb(OK)2.    When  solutions  of  these  are  boil< 
the  yellow  or  red  lead  oxide  separates  according  to  the  concentrati( 
of  the  solution. 

LEAD  AND  THE  HALOGENS. 

I^ead  Chloride,  PbClg,  is  found  to  some  extent  in  nature  as  the  mine 
cotunite.  It  is  most  readily  prepared  by  adding  sodium  chloride  to  a  sol 
lion  t>f  lead  nitrate  or  acetate,  although  it  maybe  obtained  by  dissolvi 
It'iul  ill  hot  aqua  regia. 

I  rati  chloride  occurs  in  white,  pxearly  crystals,  soluble  in  135  parts 
ioKl  water  and  in  about  30  parts  of  that  liquid  at  the  boiling  temperatu 
At  4()S^  the  rr>*stals  melt,  and  on  cooling  form  a  homy  mass. 

A  luunhtT  of  oxychlorides  are  known  which  are  employed  as  pigm< 
({ism/\s  vt'i/o:c  is  one  of  these ;  it  is  prepared  by  heating  together 
<^'xicle  aiul  sal-ammoniac.     The  oxychloride,   PbO.PbClt,  is  found 
"ature  as  tlu-  mineral  matlockite. 


^e 
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other  lead  compounds  in  the  manufacture  of  paint  and  in  the  manufac- 
ture of  lead  chromate. 

Uad  Nitrate,  PbCNOa),.     Plumbi  Nitras,  U.  S.  P. 

Preparation. — This  salt  is  prepared  by  adding,  in  small  por- 
tions at  a  time,  10  parts  of  lead  oxide  to  23  parts  of  nitric  aci 
(25  per  cent.)i  previously  mixed  with  an  equal  weight  of  wate 
and  warmed  : 

PbO    +    2HNO8    =    PbCNOa),    4-    H.O. 

The  solution  is  filtered,  and,  after  the  addition  of  a  few  drop 
of  nitric  acid,  is  set  aside  to  crystallize. 

Properties. — Lead  nitrate  crystallizes  in  large,  anhydrous 
regular,  mostly  octohedral  crystals,  isomorphous  with  the  nitrate 
of  barium  and  strontium.  When  these  crystals  separate  from  hc^  ^oi 
solutions  they  are  white  and  opaque,  but  if  formed  by  the  spoK-  ^n- 
taneous  evaporation  of  cold  solutions  they  are  transparent.  TL^E~  he 
salt  is  soluble  in  2  parts  of  water  and  in  0.75  part  of  boiling  water  — ^r; 
almost  insoluble  in  alcohol.  On  the  application  of  heat  nitro  «^us 
fumes  are  evolved  and  a  residue  of  lead  oxide  remains. 

Uses. — Lead  nitrate  is  used  extensively  in  the  manufacture-  of 
mordants  for  use  in  dyeing  and  calico-printing,  and  in  the  manaHLU- 
facture  of  lead  chromate. 

Lead  Nitrite,  Pb(NOQ)2,  is  obtained  by  decomposing  silver  nitrite  w — ith 
lead  chloride.  The  solution  is  concentrated  in  a  vacuum,  when  yellc^^  '«^i 
prismatic  crystals  separate,  which  are  readily  soluble  in  water. 

Lead  Phosphate^  Pb3(P04)Q,  forms  as  a  white  precipitate  when  s<^^**" 
tions  of  lead  acetate  and  sodium  phosphate  are  mixed.     When  ph« 
phoric  acid  is  added  to  a  boiling  lead  nitrate  solution,  lustrous, 
crystals  having  the  composition  PbHP04  separate. 

Lead  Borates.— K  number  of  these  salts  appear  to  exist,  one  of  wh5  ^ 
is  obtained  by  precipitating  a  soluble  lead  salt  with  solution  of 
It  appears  to  have  the  composition  PbaB^Oii.4HaO. 

Lead  Silicates, — ^These  compounds  are  formed  in  the  manufacture 
some  kinds  of  glass.    When  equal  weights  of  lead  oxide  and  silica 
fused  together  a  yellow  glass  is  formed. 

Lead  Carbonate,  PbCOa- — The  normal  lead  carbonate  is  found 
nature  as  the  mineral  certissite,  or  it  may  be  artificially  prepared  by 
cipitating  a  solution  of  lead  acetate  with  one  of  ammonium 
This  compound  is  not  much  used. 

Basic    Lead   Carbonate,  (PbCOg^PbCOH),.     Plumbi 
bonas,  U.  S.  P.     liliite  Lead, — This  compound  was  knowr» 
the  ancients. 

Preparation. — Whit^  lead  is  manufactured  on  a  lai^^ 
by  the  following  processes  : 


OXYGEN   SALTS  OF   LEAD.  4^7 

t.  The  Dutch  Process  is  the  oldest,  and  is  employed  in  Holland,  Bel- 
gium, and  some  parts  of  Germany.  It  consists  in  placing  coils  or  buckles 
of  lead  in  earthenware  pots,  in  the  bottom  of  which  Is  a  small  quantity 
of  vinegar.  The  lead  is  placed  on  projections  in  Ihe  pots  so  as  not  to 
come  in  direct  contact  with  the  liquid  ;  the  walls  of  the  pots  are  perfo- 
rated just  above  the  vinegar,  so  as  to  allow  a  free  circulation  of  air  and 
gas.    A  number  of  the  pots  are  placed  together  as  shown  in  Fig.  84,  and 

Fig.  84. 


after  covering  each  with  a  wooden  plate  they  are  surrounded  with  horse 
Rlanure  or  spent  tan-bark.  The  fermentation  of  the  manure  or  tan  causes 
the  requisite  elevation  of  temperature  to  vaporize  some  of  the  acetic  acid 
of  tlie  vinegar,  which  acts  on  the  lead  with  the  formation  of  basic  lead 
acetate.  This  is  slowly  converted  into  carbonate  by  the  carbon  dioxide 
wKich  results  from  the  fermentation.  After  some  weeks  the  lead  will  be 
found  wholly  converted  into  basic  carbonate. 

3.  In  the  English  Method  sheet-lead  is  melted  on  the  hearth  of  a 
rerverberatory  furnace  so  as  to  convert  it  into  oxide,  and  this  in  turn  is 
intiinately  mixed  with  a  small  quantity  of  solution  of  lead  acetate.  The 
resulting  mass  is  placed  in  a  series  of  closed  troughs  communicating  with 
anb  another,  and  so  arranged  as  to  admit  the  passage  of  a  current  of 
csvbon  dioxide.  This  gas  is  obtained  by  the  combustion  of  coke  in  a 
ftifitace  provided  with  a  blast  to  give  impulse  to  the  gas. 

3.  The  German  ot  Austrian  Method  involves  the  action  of  acetic  acid 
3x1^  carbon  dioxide  on  sheets  of  lead  as  in  the  Dutch  process,  but  a  large 
number  of  the  lead  coils  are  placed  in  a  room  with  \-inegar  and  tan  on 
t}ie  floor.  The  tan  is  caused  to  ferment  and  furnish  the  necessary  carbon 
dioxide. 

4.  The  French  Method  consists  in  dissolving  an  excess  of  lead  or  lead 
oxide  in  acetic  acid,  so  as  to  form  basic  lead  acetate,  and  then  passing 
carbon  dioxide  into  this  solution,  by  which  means  two  molecules  of  lead 
oxide  are  converted  into  basic  carbonate,  while  neutral  acetate  of  lead 
tcniains.  This  is  again  converted  into  basic  acetate,  which  is,  in  turn, 
<lecotnposed  by  more  carbon  dioxide. 

The  principle  involved  in  this  method  was  first  explained  by  ThSnard, 
"*  it  ia  generally  known  as  the  Ctichy  Process,  because  of  the  works 
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located  at  Clichy,  near  Paris.  Fig.  85  shows  a  plan  of  these  works.  In 
the  tub  A,  the  litharge  is  dissolved  in  acetic  acid,  the  solution  being  aided 
by  means  of  the  slirrer  it. 
The  solution  of  ba.sic  lead 
acetate  is  run  into  the  vkkI 
E,  where  the  impurities  sub- 
side and  the  clear  solution  is 
then  run  into  the  decompos- 
ing vessel  F  F,  which  is  sup- 
phed  with  several  hundred 
tubes  for  the  admission  of  the 
carbon  dioxide.  In  11  to  16 
hours  the  conversion  is  coin- 
plete  The  neutral  lead  ace- 
tate IS  run  into  the  tank  ■• 
and  returned  to  a,  while  dM 
semi  hquid  basic  ieadcarboD- 
ate  IS  drawn  into  the  lank  a 
The  carbon  dioxide  is  gen- 
•  erated  in  d  and  purified  in  the 
g    vessel/. 

B.  Many  more  processes  have 
^  been  patented  and  worked  in 
"3  a  small  way  in  the  producuoii 
%  of  white  lead,  but  it  isptob- 
'  able  that  in  this  countiT,  « 
-Z  well  as  in  most  foreipi  cobb- 
C  tries,  the  Dutch  method  is 
^    given  the  preference. 

The  product  In  all  ** 
foregoing  processes  is  finelj 
ground  with  water  **" 
washed  to  remove  lead  ace- 
tate and  finally  dned 

Some  white  lead  is  in*"* 
from  lead  sulphate  by  l"** 
mg   together    this   salt    »^ 
solution  of  sodium  hydr**^ 
whereby    a   basic  lead    ^ 
phate  IS  formed  and  tbi*-  ^ 
boiling  with  sodium  ca*"*^^ 
ate  solution,  is  converte<i  ' 
ba^  lead  carbonate  bI>^ 
dium  sulphate. 

Properties.— Basic  1^ 

carbonat  isaheavy,'*^!*''*' 
amorphous  powder.  It  is  without  odor  or  taste,  and  is  P'^^^\^ 
neat  in  the  air.     Water  and  the  other  ordinary  solvents  do  "^ 
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ZIRCONIUM. 
Symboif  Zr.  Atomic  H^ei^ht^  90.4.  Valence,  IV. 

Zirconium  is  relatively  rare,  being  generally  found  as  the  ^licatfc, 
ZrSi04,  called  Zircon.    The  metal  can  be  obtained  as  an  amorpliovis 
black  powder  or  in  crystalline  metallic  leaflets. 

Zirconic  Acid  ox  Hydrate^  Zr(OH)4,  is  precipitated  from  add  solutions 
as  a  white,  voluminous  precipitate,  which,  on  ignition,  leaves 

Zirconium  Dioxide^  ZrOg. — Both  this  oxide  and  the  hydrate  diss<z>1.Ae 
when  warmed  with  sulphuric  acid,  forming  Zr (804)2,  which  maybe  crar-^v 
tallized  from  water. 

THORIUM. 

Symbol^  Th.  Atomic  Weighty  231.9-  Valence,  IV. 

Thorium  occurs  only  in  rare  silicates,  such  as  thorite.    The  free  rarTL^stal 


has  been  obtained  as  a  Kght-g^y,  crystalline  powder  which  bums  Lmts.     the 
air  to  the  dioxide. 

Thorium  Hydrate,  Th(OH)4,  and  Thorium  Dioxide,  ThOt,  do  not   ^"ionn 
salts  with  the  alkalies,  but  dissolve  in  sulphuric  add  to  form  Th(SO.^k  ^ 


CHAPTER   VIII. 

THE  ARSENIC  GROUP. 

ARSENIC. 

Symbol,  As.  Atomic  H^eighiy  74.9.  Valence ,  III  and  V. 

History. — Arsenic  in  the  form  of  its  two  sulphides,  realgar 
and  orpiment,  was  known  to  the  ancients.  Schroeder,  in  1694, 
appears  to  have  been  the  first  to  separate  the  metal. 

Occurrence. — Arsenic  is  widely  distributed  in  nature  ;  in  the 
free  state  it  is  occasionally  found  in  distinct  crystals,  but  oftener 
in  kidney-shaped  masses,  which  readily  split  into  laminae.  Na- 
tive arsenic  has  been  found  in  Saxony,  Bohemia,  and  various 
other  parts  of  Europe,  at  San  Aug^stin,  in  Mexico,  and  at  Haver- 
hill, New  Hampshire,  in  the  United  States.  In  the  combined 
state  arsenic  is  more  abundantly  distributed  ;  as  white  arsenic, 
AsjOg,  as  orpiment,  AsjSg,  and  as  realgar,  AsjSg,  it  is  well 
known  ;  but  its  most  important  occurrence  is  in  the  form  of  ar- 
senical iron,  FeAsj,  and  arsenical  pyrites  or  mispickel,  FeAs^,- 
FeSj.  Certain  cobalt  and  nickel  ores  also  contain  considerable 
quantities  of  arsenic.  Small  quantities  of  arsenic  are  found  in 
many  mineral  waters  and  in  sea  water. 

Preparation. — Metallic  arsenic  is  prepared  by  subliming  the 
native  mineral  or  by  reducing  arsenous  oxide  with  charcoal : 

AsjOa    -}-    3C    =r    2As    -}-    3CO. 

Probably  the  largest  quantity  is  prepared  by  subliming  arsenical 

pyrites : 

FeAsjtFeSa    =    2  As    -f-    2FeS. 

Properties. — Arsenic  is  a  steel-gray,  lustrous  metal,  which 
occurs  in  several  allotropic  modifications.  When  heated  quickly 
in  a  tube  through  which  hydrogen  is  passing,  there  separate  near- 
est the  heated  portion  of  the  tube  distinct  crystals  ;  next  to  these 
the  metal  deposits  in  a  black,  amorphous  mass,  and  still  farther 
away  a  gray,  amorphous  powder  is  condensed.  The  crystalline 
variety  has  a  specific  gravity  of  5.727,  while  that  of  the  two  amor- 
phous varieties  is  4.710.  The  amorphous  varieties  become  cr>'s- 
talline  when  heated  to  360°.  In  dr>'  air  arsenic  undergoes  no 
change,  but  in  moist  air  it  becomes  oxidized  in  part  to  arsenous 
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oxide.  When  heated  in  air  the  metal  burns  to  arsenous  oxide, 
but  when  heated  without  access  of  air,  it  vaporizes  without  pre- 
viously melting. 

Uses.— Metallic  arsenic  is  chiefly  used  in  the  manufacture  o{ 
shot  to  give  a  globular  form  to  the  grains.     Cobalt  glance,  a  com- 
pound of  arsenic  and  cobalt,  has  considerable  use  as  a  fly-poisoT\ 
under  the  name  oi  fly  stone, 

ARSENIC  AND   HYDROGEN. 

Hydrogen  Arsenide  or  Arstne,  AsHg.— In  order  to  prepare  arsine  in 
a  pure  state,  an  alloy  of  zinc  and  arsenic,  As^Zng,  is  treated  with  dilu-te 
sulphuric  acid : 

AsjZna    4-    3H2SO4    =    2AsH8    -f    3ZnS04. 

This  reaction  should  be  carried  out  with  the  greatest  care,  as  the  gr^^  is 
extremely  poisonous.  Gehlen  lost  his  life  by  it  in  181 5.  Arsine  is  a  crt>l- 
orless,  disagjeeably-smelling  gas,  which  when  once  ignited  bums  in  tlie 
air  with  the  formation  of  arsenous  oxide  and  water.  If  the  flame  l>e 
cooled  by  the  introduction  of  a  cold,  porcelain  surface,  black,  shin  ia^  IT* 
metallic  arsenic  is  deposited.  Marsh's  test  (see  Qualitative  Test,  Part  'V".) 
depends  on  this  property.  When  arsine  is  passed  into  a  solution  <^ 
silver  nitrate,  metallic  silver  is  precipitated  as  follows  : 

6AgN08    -f     AsHa    -f    3H,0    =    3Ag.    +    6HN08    -f     HaAsOs- 

If  the  gas  be  passed  through  a  tube  and  flame  be  applied  at  one  poi  ^ 
so  as  to  bring  the  tube  to  low  redness,  the  gas  is  decomposed  and  a 
brilliant  layer  of  metallic  arsenic  is  deposited ;  this  also  serves  a^  * 
method  of  detecting  the  element. 

Solid  Hydrogen  Arsenide,  As^Ha,  is  formed  as  a  brown,  silky  ttt^^^ 
when  sodium  arsenide,  AsNaa,  is  decomposed  by  water. 

ARSENIC  AND  THE   HALOGENS. 

Arsenic  Trichloride,  AsCla,  may  be  prepared  by  passing  dry  chlo^"^  ^ 
over  powdered  arsenic  ;  but  it  is  more  easily  obtained  by  heating  to     '^- 
boiling  point  of  water  40  parts  of  arsenous  oxide  with  100  parts  of  <r*^^' 
centrated  sulphuric  acid  in  an  apparatus  connected  with  a  well<c><^  " 
receiver ;  small  pieces  of  fused  sodium  chloride  are  then  thrown  in, 
the  following  reaction  takes  place : 

6HC1    -f    AsgOa    =    2A.sCla    +    3HaO. 

The  water  which  is  liberated  is  retained  by  the  sulphuric  acid. 

Properties.— Arsenic  trichloride  is  a  colorless,  oily  liquid,  having  a 
cific  gra\nty  of  2.205.    It  boils  at  134^  forming  a  colorless  vapor, 
brought  in  contact  with  a  large  quantity  of  water,  the  oxychl 
As(OH)aCl.  separates. 

Arsenic    Tribromide,  AsBra,  forms  colorless,  deliquescent 
which  melt  at  20®  to  25®,  and  the  resulting  liquid  boils  when  h 
220*. 
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vessel  in  which  the  oxide  is  heated ;  on  this  are  placed  a  num- 
ber of  iron   cylinders,    ^,  /,    g,   k,  which  are  connected  by 
the  tubes  o,  n,  n,  with 
Fig.  86.  tiig  chamber  m.     In  the 

cylinders  the  oxide  con- 
denses as  an  amorphous, 
opaque,  glassy  solid, 
while  in  the  tubes  and 
chambers  it  is  deposited 
as  a  crystalline  powder. 

Properties.  —  A  r  s  e- 
nous  oxide  occure  in  two 
modifications,  amor- 

phous and  cr>'stalline ; 
the  former  is  transparent 
and  colorless  like  glass, 
while  the  latter  is  opaque 
or  white,  resembling  por- 
celain. The  glassy  \-a- 
riety  gradually  changes 
to  the  opaque  form.  Both 
are  odorless  and  tasteless. 
"In  cold  water  both 
varieties  dissolve  very  slowly,  the  glassy  variety  requiring  about 
30,  the  porcelam-like  about  80  parts  of  water  at  15".  Both  are 
slowly  and  completely  soluble  in  15  parts  of  boiling  water.  In 
alcohol,  Arsenous  Acid  is  but  sparingly  soluble,  but  it  is  soluble  . 

in  about  5  parts  of  glycerin.  Oil  of  turpentine  dissolves  only  .^ 
the  glassy  variety.  Both  varieties  are  freely  soluble  in  hydro-  .^^ 
chloric  acid,  and  in  solutions  of  alkali  hydrates  and  carlxinates."      •  , 

On  the  application  of  heat  the  oxide  volatilizes  completely  at^ 
aiS"  without  melting,  and  if  its  vapor  be  passed  over  charcoal  J^-aT 
a  tube,  it  is  reduced  to  the  metal  and  deposited  on  the  glass  as  "' 

mirror.  ' 

Arsenous  Acid,  H^sO,,  is  not  known  in  the  free  sute,  ^^^ 
when  arsenous  oxide  is  dissolved  in  water  it  imparts  to  ^^la,.^^,^ 
a  feebly  acid  reaction.  The  following  salts  are  the  most  iov-^vi 
tant :  *"' 

Palassium  ArseniU.    Liquor  Potassii  Arseoitil,  U-  ^  ^  p  _ 
The  ofHcial  process  consists  in  boiling  lo  grammes  of  *'*""^_J-« 
oxide  with  20  grammes  of  potassium  bicarbonate  and  "^ 
of  water  until  a  clear  solution  is  effected,  and  then  dihi^^,^^ 


Sublirnallon  of  itscih 


x 


ARSENIC  OXIDE  AND  ARSENATES.  475 

sufficient  water  and  30  c.c.  of  compound  tincture  of  lavender  to 
make  1000  c.c.  The  product  is  used  in  medicine  under  the  name 
of  Fowler's  solution.  Only  the  alkali  arsenites'  are  soluble  in 
Avater. 

Cupric  ArsenitCy  CuHAsOa,  Scheele's  Green^  is  an  insoluble  green 
powder  used  as  a  pigment. 

Paris  Green  is  a  cupric  aceto-arsenite  made  by  boiling  together  so- 
lutions of  copper  acetate  and  arsenous  oxide.  It  has  the  formula 
C:u(CaH30a)a.3Cu(AsOa)a. 

Arsenous  oxide  is  one  of  the  compounds  most  frequently  employed  as 
s%.  poison.  Its  action  may  be  deferred  or  neutralized  by  large  doses  of 
freshly  precipitated  ferric  hydrate. 

ARSENIC   OXIDE  AND   ARSENATES. 

Arsenic  Oxide ^  AsgOs,  Arsenic  Pentoxide,  is  prepared  by  heating 
arsenic  add  to  low  redness.  It  forms  a  white,  fusible,  glassy  mass.  By  a 
strong  heat  it  is  converted  into  arsenous  oxide  and  oxygen. 

Arsenic  Acidy  H8ASO4,  Orthoarsenic  Acid,  is  obtained  by  long  boil- 
ing of  arsenous  oxide  and  nitric  acid.  The  solution  is  evaporated  to 
s^  syrupy  consistence,  when  crystals  separate  having  the  composition 
CHsAs04)a.H20.  These  crystals  deliquesce  in  the  air,  and  give  up  their 
•vvater  of  crystallization  at  100®.  On  heating  to  180°  they  lose  additional 
^water  and  are  converted  into  pyroarsenic  acid,  H4ASQO7,  and  at  200°  a 
pearly,  lustrous  mass  of  meta-arsenic  acid,  HAsOg,  is  formed. 

Arsenic  acid  has  some  use  as  an  oxidizer  in  the  preparation  of  a  num- 
of  the  aniline  colors. 


Sodium  Arsenate^  NagHAs04.7HgO.    Sodii  Arsenas,  U.  S.  P. 

^This  official  salt  may  be  prepared  by  neutralizing  arsenic  acid 

with  sodium  carbonate,  but  the  process  given  by  the  Pharmaco- 
poeia of  1870  is  more  economical ;  this  consists  in  fusing  together 
in  a  clay  crucible  10  parts  of  arsenous  oxide,  8.5  parts  of  sodium 
nitrate,  and  5.5  parts  of  dried  sodium  carbonate.  The  fused 
product  is  poured  while  hot  on  a  porcelain  slab,  dissolved  in 
^'3ter,  the  solution  filtered,  and  set  aside  to  crystallize.  The 
'"^^ction  involved  is  as  follows  : 

^^Og  -f  aNaNOs  +  NaaCOa  -f  HgO  =  2NaaHAs04  +  NjOg  +  COg. 

The  crystals  should  be  kept  in  well-stoppered  botties ;   they 

^*Horesce  in  dry  air,  and  are  somewhat  deliquescent  in  moist  air. 

I^ropcrtics. — Sodium  arsenate  occurs  in  colorless,  transparent, 

'^^onodinic  prisms.     It  is  soluble  in  4  parts  of  water  at  15°  and 

^''^'*^*  soluble  in  boiling  water ;    very  sparingly  soluble  in  cold 

lol,  but  dissolved  by  60  parts  of  that  liquid  when  boiling. 

*.  tlie  ^>plication  of  a  gentle  heat  the  salt  loses  5  molecules  of 
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water,  amounting  to  28.8  per  cent.,  at  148°  the  remainder  of  the 
water  is  given  off,  the  salt  melts,  and  at  a  red  heat  is  converted 
into  pyroarsenate. 

Monobasic  Sodium  Arsenate^  NaHgAs04.H20,  and  Tribasic  Sodium 
Arsenate y  Na8As04.i2H20,  are  known. 

ARSENIC  AND  SULPHUR. 

Arsenic  Disulphide,  AS9S9,  Realgar^  is  found  native,  crystallized  in 
oblique  rhombic  prisms. 

It  is  prepared  by  melting  together  15  parts  of  metallic  arsenic  and  6.5 
parts  of  sulphur,  or  by  the  sublimation  of  4  parts  arsenous  oxide  and  2 
parts  sulphur.  The  product  occurs  in  red,  glassy  masses,  translucent  00 
the  edges.  It  is  insoluble  in  water,  but  is  readily  dissolved  by  the  alkali 
sulphides. 

Realgar  is  used  as  a  coloring,  in  the  manufacture  of  leather,  and  in  the 
preparation  of  white  or  Indian  fire.  This  consists  of  24  parts  saltpetre, 
2  parts  realgar,  and  7  parts  sulphur. 

Arsenic  Trisuiphide,  As^S,,  Orpiment.—\Jn<Atx  the  latter  name  tiiis 
compound  is  found  in  nature,  crystallized  in  lemon-colored,  rhombic 
prisms.  It  is  prepared  by  melting  together  6  parts  of  metallic  arsenic 
and  4  parts  of  sulphur,  or  by  subliming  a  mixture  of  4  parts  of  arsenous 
oxide  and  3  parts  of  sulphur.  This  compound  is  also  formed  when  hy- 
drogen sulphide  is  passed  into  a  hydrochloric  acid  solution  of  arsenous 
oxide.  It  is  melted  to  a  yellowish-red  liquid  when  heated,  and  at  700" 
volatilizes  without  decomposition. 

When  dissolved  in  the  alkali  sulphides  it  forms  arsenites  and  thio- 
arsenites  as  follows : 

2AsjS8    +    4KOH    =    KAsO,    -f    3KAsS»    -f    2HaO. 

On  the  addition  of  hydrochloric  acid,  the  whole  of  the  arsenic  is  repre- 

cipitated  as  sulphide : 

KAsOg    -f    3KAsSa    -f    4HCI    =    2As^    +    4KCI    -f    2H,0. 

The  sulpharsenites  or  thioarsenites  constitute  a  class  of  compounds 
which  bear  the  same  relation  to  arsenic  trisulphide  as  the  arsenites  bear 
to  arsenous  oxide. 

Arsenic  Pentasulphide,  AsgSs,  is  obtained  by  fusing  arsenic  trisulphide 
with  the  proper  proportion  of  sulphur,  or  by  precipitating  a  dilute  solu- 
tion of  sodium  or  ammonium  sulpharsenate  with  hydrochloric  acid.  It 
is  a  yellow,  fusible  mass  which  may  be  sublimed  without  decomposition, 
provided  air  is  excluded. 

The  thioarsenates  or  sulpharsenates  form  a  class  of  compounds,  tiic 
members  of  which  are  prepared  by  dissolving  arsenic  pentasulphide  in 
an  alkali  sulphide,  or  by  precipitating  an  arsenate  with  hydrogen  sul-  - 
phide. 
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THE  DETECTION  OF  ARSENIC  IN  ANIMAL  TISSUES. 

On  account  of  the  ease  with  which  it  may  be  obtained  and  the 
certainty  of  its  action,  arsenic  figures  in  more  cases  of  poisoning, 
both  accidental  and  intentional,  than  any  other  substance. 

Where  some  of  the  powdered  material  is  obtained  from  the 
stomach  in  a  comparatively  pure  form,  the  identification  of  it  is 
^uite  easy.  It  is  simply  necessary  to  employ  the  uswal  qualita- 
'tive  reactions.  But  oftener  the  poison  has  been  absorbed  by  the 
system,  and  it  is  necessary  to  separate  it  from  the  tissues,  or  it  is 
so  intimately  mixed  with  the  contents  of  the  stomach  as  to  make 
^ny  preliminary  separation  impossible.  The  stomach  and  its  con- 
'tents,  and  sometimes  the  other  organs,  are  cut  finely  and  triturated 
in  a  porcelain  mortar  until  a  uniform  mass  is  obtained.  This  is 
tiien  placed  in  a  clean  porcelain  evaporating  dish,  and  an  equal 
-volume  of  hydrochloric  acid,  having  a  specific  gravity  of  1.12,  is 
sidded.  The  whole  is  heated  on  a  water- bath,  and  every  five  min- 
mites  from  one  to  two  grammes  of  potassium  chlorate  are  added. 
This  is  continued  until  a  thin,  yellowish  liquid  is  obtained  ;  after 
the  addition  of  a  few  more  grammes  of  the  chlorate,  the  heat  is 
cx>ntinued  until  all  odor  of  chlorine  has  disappeared.  The  liquid 
is  filtered,  warmed  to  70®,  and  treated  for  a  considerable  time 
-^th  hydrogen  sulphide.  This  sulphide  may  be  collected,  washed, 
clissolved,  and  detected  by  the  usual  arsenic  reagents  and  tests 
^js  described  in  Part  V.  of  this  work.  The  method  as  given 
^^rves  for  the  separation  of  a  number  of  other  metals  that  are 
^^metimes  used  as  poisons,  and  they  may  then  be  detected  by 
^^e  appropriate  tests. 

It  is  of  the  greatest  importance  to  employ  in  this  operation 
Wishes  and  reagents  that  are  absolutely  free  from  the  presence  of 
of  contamination.  Therefore  a  blank  experiment  should 
be  carried  out  to  prove  the  absence  of  impurities. 

ANTIMONY   (Stibium). 

Siymbol,  Sb.        Aiamic  Weighty  11 9. 6.         Valence,  III  and  V. 

^^istory. — Although  long  before  his  time  the  ores  of  anti- 

y,  and  probably  the  metal  itself,  were  known  to  the  alchemists 

East,  the  initiative  step  to  the  present  knowledge  of  the 

*^ent  was  reserved  for  Basil  Valentine,  who  about  the  middle 

tte  fifteenth  century  prepared  and  described  not  only  the 

't:^  but  also  a  number  of  its  compounds.     At  the  same  time 

Xi^nted  out  the  value  of  the  metal  for  the  preparation  of  medi- 
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cines  and  of  alloys.     A  century  later,  however,   Libavius  con- 
founded antimony  with  bismutn. 

In  the  early  part  of  the  present  century,  Th6nard,  Proust,  and 
particularly  Berzelius,  added  to  the  positive  literature  of  this 
metal.  The  names  given  to  the  element  at  present  are  the 
Chaldean  term,  stibium,  and  the  Latin  title,  antimonium^  both 
of  which  were  applied  to  the  native  sulphide  until  the  time  of 
Lavoisier.  * 

Occurrence. — The  chief  source  of  antimony  is  the  mineral 
stibnite,  SbjSg,  which  has  been  known  since  early  history,  but  the 
metal  also  occurs  directly  combined  with  arsenic,  nickel,  and  al- 
ver  ;  and,  though  infrequently  and  in  small  quantities  only,  anti- 
mony is  found  in  the  free  state  associated  with  the  preceding  forms. 
As  oxide,  Sb^Og,  we  have  the  element  occurring  as  octohedral 
crystals,  seyiarmontite^  and  in  rhombic  prisms,  valentiniie.  Of 
other  antimony  ores  may  be  mentioned  those  in  which  the  tri- 
sulphide,  SbgSg,  forms  thio-antimonates,  or  the  so-called  sulpho- 
salts,  with  the  sulphides  of  such  metals  as  copper,  iron,  lead, 
and  silver,  in  which  arsenic  often  replaces  part  of  the  antimony. 

Stibnite  is  found  extensively  in  Canada  and  in  Hungary  ;  con- 
siderable antimony  ore  enters  commerce  from  Cornwall,  Algiers, 
Borneo,  Nevada,  South  America,  and  New  Brunswick. 

Preparation. — To  separate  antimony  from  the  accompanj-ing 
minerals  advantage  is  taken  of  the  easy  fusibility  of  the  sulphide, 
which  is  heated  in  vertical  cylinders  having  holes  at  the  bottom 
for  the  egress  of  the  molten  sulphide  ;  or  this  preliminary  fusion 
is  carried  on  in  reverberatory  furnaces.  To  obtain  the  metal,  the 
purified  sulphide  formed  as  above  described  is  either  fused  with 
metallic  iron, 

SbaSa    +    3Fe    =    2Sb    +    3FeS, 

or  is  roasted  to  form  oxide,  which  is  afterwards  reduced  with 
charcoal  and  sodium  carbonate,  or  with  crude  tartar,  as  follows : 

aSbaSg    +    3C    +    eNaaCOg    =    2Sba    +    9CO2    -4-     6Na^ 

The  availability  of  the  reactions  of  both  methods  was  known  to 
Basil  Valentine. 

The  process  employed  in  England,  where  much  of  the  anti- 
mony of  commerce  is  prepared,  comprises  three  successive  stages, 
— viz.,  '*  singling,'*  which  consists  in  melting  the  sulphide  with 
one-half  its  weight  of  scrap-iron  for  an  hour  and  a  half  in  plum- 
bago crucibles;  **  doubling,'*  whereby  the  metallic  antimony, 
which  was  separated  from  the  slag  of  iron  sulphide  formed  in  the 
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iirst  operation,  is  fused  for  the  same  time  with  2.5  per  cent,  each 
of  sodium  sulphate  and  a  slag  consisting  principally  of  pearl-ash  ; 
and  *  *  melting  for  stove-metal' '  with  a  previously  used  slag  of  the 
last  substance  and  an  additional  quantity  of  fresh  pearl-ash  for  a 
similar  period. 

The  metal  is  then  poured  into  square  moulds,  its  surface  cov- 
ered with  slag,  and  the  molten  mass  allowed  to  cool  slowly  to 
insure  the  peculiar  crystalline  structure  which  is  required  in  com- 
merce. The  antimony  so  obtained  may  contain  arsenic,  from 
which  it  is  freed  by  fusion  with  sodium  carbonate  and  potassium 
nitrate,  sometimes  with  the  addition  of  a  small  quantity  of  anti- 
mony trisulphide,  and  subsequent  reduction  of  the  lixiviated  mass 
by  charcoal  and  sodium  carbonate. 

Properties. — Antimony  is  a  lustrous,  silver-white  metal,  more 
hasxc  than  arsenic  but  less  so  than  bismuth.     It  is  harder  than 
the  last  metal,  and  like  it  crystallizes  in  obtuse  rhombohedra,  a 
mass  of  which  exhibits  a  granular  or  a  coarsely  laminated,  fern- 
snarked,  crystalline  fracture,  according  as  it  is  rapidly  or  slowly 
czooled.     This  structure  determines  the  great  britdeness  of  the 
x^ietal.     Antimony  has  a  specific  gravity  of  6.7,  is  scarcely  tar- 
nished by  air,  melts  at  432°,  volatilizes  at  a  bright  red-heat,  and 
be  distilled  in  hydrogen  at  a  white-heat.    On  charcoal,  before 
blow-pipe  it  melts  and  evolves  white  fumes  of  trioxide,  and, 
^^  the  globule  of  molten  metal  is  dropped  from  some  height,  it 
scatters  in  many  small  particles,  which  burn  with  a  very  bright 
^^rne  to  trioxide.      At  ordinary  temperatures,  cold  water  does 
'^c>'t:  act  upon  the  element,  which,  however,  at  a  red-heat  decom- 
es  steam.      Hot,   but  not  cold,  hydrochloric  and  sulphuric 
,  as  also  cold  nitro-hydrochloric  acid,  dissolve  antimony. 
ISitric  acid  converts  the  metal  into  white  antimony  trioxide, 

^03,  and  antimonic  acid,  HgSbO^  ;  while  solutions  of  the  alkali 

5^  V^rates  produce  no  change.       It  combines  di/ectly  with  the 

logens,  and  with  sulphur,  phosphorus,  and  arsenic.    The  exist- 

e  of  an  amorphous  allotropic  modification  of  this  element  in 

so-called  explosive  antimony  obtained  by  the  electrolysis  of 

<^ng  solutions  of  the  compounds  of  the  metal  is  still  a  matter 

^oubt 

^Jses. — From  the  metal  a  chloride,  suitable  for  the  preparation 

^wme  of  the  medicinal  compounds,  is  prepared,  but  the  largest 

ount  of  antimony  is  used  in  the  trades  and  manufactures  in 

form  of  alloys  or  of  compounds.     Along  with  bismuth,  anti- 

ny  finds  use  in  the  construction  of  thermo-electric  piles. 
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When  antimony  is  precipitated  from  a  solution  of  the  aid 
by  zinc,  the  metal  is  obtained  in  a  finely  pulverulent  condi 
In  this  state  ii  is  cailed  antimony-black,  and  Is  used  to  1 
to  the  surface  of  gypsum  and  papier-mach€  figures  and  < 
objects  the  appearance  of  iron  or  steel. 

Alloys. — These  are  useful  because  of  their  hardness  and  easy  ft 
Typf-melal  contains  besides  lead,  and  sometimes  small  quantities 
about  ao  per  cenL  of  antimony.     Such  an  alloy  expands  upon  c 
from  the  slate  of  liquefaction,  although  its  separate  component  elel^ 
when  congealing  shrink. 

Brilanma-mrUU  consists  of  approximately  nine  parts  of  t 
part  of  antimony,  often  with  some  addition  of  copper,  linc,  and  biss 

By  the  use  of  antimony  superior /ra/i-r  and  anH'/rielion-metoI  ai 
the  latter  is  used  extensively  for  machinery  bearings,  and  like  the  fd| 
is  an  alloy  of  the  metal  with  tin,  or  with  tin  and  lead. 


"r^ 
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Hydrogen  Antimmiidc  (Stibine),  SbHg,  is  formed  when  n 
gen  is  brought  in  the  presence  of  acid  into  contact  with  finely  c 
antimony  or  any  compound  of  it  that  is  capable  of  reduction  by  th^ 
Obtained  in  theusual  way  by  the  aaion  of  dilute  sulphuric  add  on  ^ 
the  presence  of  an  antimony  compound,  it  is  mixed  with  much  hydra 
and  apparently  remains  unaltered  for  a  long  time :  but  when  genea 
in  more  concentrated  form  by  slowly  adding  a  nearly  saturated  scfl 
of  antimony  in  strong  hydrochloric  acid  to  an  excess  of  granulatedj 
the  compound  soon  decomposes.  J 

The  pure  gas  has  probably  never  been  prepared.  That  lielded  tn 
processes  given  is  colorless,  has  a  disagreeable  smell  and  taste,  and  I 
with  a  bluish-white  or  grayish  flame,  evolving  white  fumes  of  antifl 
iri  oxide.  ] 

If  a  cold  porcelain  plate  is  pressed  into  the  flame,  a  sooty  depoi 
metallic  antimony  is  obtained.  | 

Hydrogen  antimonide  is  decomposed  if  passed  through  a  red-hot  I 
metallic  antimony  being  deposited  close  to  the  heated  spot.  Ii 
deposit  be  heated  the  minute  particles  coalesce  to  form  microae 
globules.  j 

These  metallic  spots  are  distinguished  from  those  produced  undd 
same  conditions   by  arsenic   by  the  darker   color  of  the  former,  j 

smoky  appearance,  their  lesser  volatility,  their  insolubility  •"  ' ■-*■ 

solutions,  and  their  solubility  In  ammonium  sulphide. 

Strong  sulphuric  acid  decomposes  the  gas,  as  does  also  alkali  h; 
solutions;  the  latter  behavior  accounts  for  the  faili 
produce  its  hydrogen  compound  in  Fleitman's  test,  wherein  the 
sary  nascent  hydrogen  is  evolved  from  zinc  and  potassium  hydrat^j 
whereby  arsenic  may  be  detected. 
When  hydrogen  antimonide  is  conducted  into  a  solution  of 
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nitrate,  a  black  precipitate  containing  silver  antimonide,  SbAg^,  and  some 
metallic  silver  arising  from  the  reduction  of  the  silver  salt  by  the  hydro- 
gen present,  is  thrown  down. 

ANTIMONY  AND  THE  HALOGENS. 

AnHtnof^  Trichloride,  SbCla- — This  was  long  ago  prepared  by  sub- 
liming antimony  sulphide  with  corrosive  sublimate.  It  may  be  obtained 
by  distilling  the  sulphide  with  hydrochloric  acid,  or  with  materials  yield- 
ing it,  as  follows : 

Sb^Sa    4-    6HC1    =    2SbCla    +    3HaS. 

The  metal  or  sulphide  by  the  action  of  dry  chlorine  and  heat  will  also 
furnish  it 

The  trichloride  forms  a  deliquescent  crystalline  mass  known  as  butter 
^f  antimony^  which  melts  at  72°,  and  boils  at  223°.  The  solution  of  the 
chloride  (liquid  butter  of  antimony)  is  best  made  by  boiling  the  trisulphide 
^with  strong  hydrochloric  add,  and  evaporating  to  remove  water  and 
excess  of  acid.  This  solution  is  occasionally  used  in  medicine  as  a 
craustic  ;  but  it  is  extensively  employed  for  giving  a  bronze  surface  to  iron 
^nd  steel  wares,  such,  for  instance,  as  gun-barrels.  The  color  of  the 
solution  made  from  sulphide  is  due  to  ferric  chloride  produced  from  the 
iron  present. 

When  the  solution  of  the  chloride  is  mixed  with  water  there  is  thrown 
cSown  an  amorphous,  white  precipitate  of  the  basic  chloride,  which,  by 
standing  in  contact  with  the  accompanying  liquid,  becomes  crystalline. 

The  composition  of  the  product  varies  according  as  it  is  produced  by 
<r«ld  or  hot  water ;  the  former  yields  SbOCl,  the  latter  Sb40aCla ;  whereas 
^*ie  presence  of  free  hydrochloric  or  of  tartaric  acid  prevents  the  precipi- 
tation.    These  compounds  were  much  used  towards  the  end  of  the  six- 
century  by  a  Veronese  physician,  Algarotus,  hence  the  name 
of  Algaroth^  by  which  the  dry  substances  are  often  designated. 
Antimony  Penlachtoride,  SbCls,  results  from  the  direct  union  of  anti- 
'"ony  and  chlorine,  and  upon  saturation  of  the  fused  trichloride  with 
^^'^^orine  gas.     It  is  a  colorless,  hygroscopic,  fuming,  disagreeably-smell- 
liquid,  which  solidifies  at  a  temperature  below  0°,  and  is  decomposed 
"^vater. 

is  compound  is  used  as  a  chlorinating  agent  in  the  preparation  of 
organic  chlorides. 

Tribromide^  SbBrg. — Like  chlorine,  bromine  combines  with 
■mony  with  the  evolution  of  light  and  heat.    The  resulting  compound 
Imes  in  colorless,  deliquescent  needles,  which  melt  at  90°,  boil  at 
and  are  changed  by  water  to  basic  bromide. 
tribromide  is  obtained  in  octohedra  by  heating  an  excess  of  pow- 
anUmony  with  a  solution  of  bromine  in  carbon  disulphide  and 
^l>orating  the  solution. 
■^-  pentabromide  is  not  known. 

-^^mHmony  Tri-iodide,  Sbis,  is  a  brownish-red  crystalline  mass  obtained 

directly  uniting  iodine  and  antimony  with  the  aid  of  heat.     It  is  sub- 

.t>le,  and  altered  by  water,  with  the  formation  of  yellow  basic  iodide. 

31 
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The  existence  of  a  penta-iodide  has  not  been  satis&ctorily  established. 

Antimony  Tri/luoride,  SbFj,  is  a  snow-white  mass  procured  by  distil- 
ling antimony  with  mercuric  fluoride,  or  by  evaporating  a  solution  of  the 
oxide  in  excess  of  hydrofluoric  acid. 

The  product  is  deliquescent,  but  not  decomposed  by  water,  although 
if  a  solution  which  is  destitute  of  free  acid  is  evaporated  a  basic  com- 
pound is  produced. 

A  pentafluoride,  SbFs,  can  be  had  by  dissolving  antimonic  add  in 
hydrofluoric  acid. 

All  the  above  halogen  combinations  yield  with  the  corresponding  com- 
pounds of  the  alkali  metals  crystallizable  double  salts. 

ANTIMONY  AND  OXYGEN. 

Antimony  Trioxide,  SbjOg.     Antimonii  Oxidum»  U.  S.  P. — 

As  mentioned  under  the  occurrence  of  antimony,  this  oxide  is  found 
native  in  the  crystalline  form,  often  colored  by  the  presence  of  iron 
and  other  metals.  It  is  isodimorphous  with  arsenic  trioxide.  A 
mixture  of  the  two  forms  is  obtained  upon  heating  the  metal  to  a 
red  heat,  while  the  octohedral  variety  can  be  produced  by  subliming  -^^p 
the  rhombic  into  which  it  again  reverts  when  strongly  heated. 

On  a  small  scale  the  oxide  is  usually  prepared  by  pouring  a  .^a^ 

solution  of  the  trichloride  into  a  boiling  solution  of  sodium  car- ^ 

bonate  or  into  water.     In  the  latter  instance  the  precipitate  of "^:  / 
basic  chloride  is  treated  with  solution  of  sodium  hydrate  to  d 
compose  it,  and  the  resulting  oxide  finally  washed  with  water, 
which  alone  is  required  when  the  use  of  sodiiun  carbonate  is  in- 
volved in  the  process,  the  trichloride  yielding  oxide  by  reactio; 
with  that  salt  in  the  presence  of  hot  water.     In  both  cases  th 
washed  product  is  carefully  dried.     Antimony  trioxide  so  p 
pared  is  *  *  a  heavy,  grayish-white  powder  without  odor  or  tast 
and  permanent  in  the  air. 

• '  Almost  insoluble  in  water,  and  insoluble  in  alcohol.     Ni 
acid  fails  to  dissolve  it,  but  it  is  readily  soluble  in  hydrochlo  _^ 

acid  without  effervescence,  and  also  in  a  warm  solution  of  tartan^c     '^-^ 
acid,  or  in  a  boiling  solution  of  potassium  bitartrate.     Whe 
heated  the  oxide  turns  yellow,  becoming  white  again  on  coolini 
and  at  a  dull  red  heat  fuses  to  a  yellowish  liquid,  which  concret' 
on  cooling,  to  a  crystalline  mass  of  a  pearly  color. 

*'  At  a  higher  temperature  it  sublimes,  producing  coloriess 
transparent,  or  white,  shining,  needle-shaped  crystals.'* 

This  compound  is  used  in  the  preparation  of  tartar  em^ 
which  is  a  double  tartrate  of  antimonyl  and  potassium.    T 
more  limited  extent  it  is  itself  employed  in  the  practice  of 
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dne,  but  the  largest  consumption  of  it  is  in  painting,  where  it  is 
used  as  a  substitute  for  white  lead.  For  the  last  purpose  the 
oxide  is  prepared  by  roasting  the  metal  or  sulphide  in  air. 

Antimotious  Aczd,  HgSbOg,  separates  as  a  white  precipitate 
when  weak  sulphuric  or  nitric  acid  is  cautiously  added  to  tartar 
emetic  solution.     When  dry  it  is  a  fine,  white  powder. 

Metantimonous  Acid,  HSbOg,  is  obtained  as  a  white,  amor- 
phous" precipitate  when  antimony  trichloride  is  decomposed  with 
a  solution  of  potassium  hydrate  or  carbonate,  in  the  former  of 
which,  when  applied  in  excess,  it  redissolves.  Hot  water  de- 
composes it  into  trioxide.  With  alkalis  it  acts  the  part  of  an 
acid,  although  it  saturates  acids  to  give  salts  of  antimony  con- 
taining the  group,  SbO,  usually  termed  antimonyL 

Antimony  Tetroxide,  ShjD^, — This  has  been  regarded  as  com- 
posed of  both  antimony  trioxide  and  antimony  pentoxide,  for  the 
reason  that  when  treated  with  tartaric  acid  solution  the  former  is 
<lissolved  while  the  latter  remains.  The  structural  formulas  pro- 
posed are  Sb2(Sb04)a  and  (SbO)Sb03  ;  the  first  would  be  called 
.antimony  antimonate,  the  second  antimonyl  metantimonate. 
T*his  substance  results  when  either  of  the  other  oxides  is  ignited. 
"When  heated  it  becomes  yellow,  but  when  cold  it  is  white.  When 
lieated  with  potassium  hydrate  a  compound  known  as  potassium 
liypoantimonate,  and  having  the  formula  KaSb^Oa,  is  left  upon 
-i^rashing  out  the  fused  mass  with  cold  water. 

Antimony  Pentoxide,  Sb^Og,  is  obtained  by  heating  antimonic 

^dd  or  by  evaporating  the  metal,  or  trioxide,  with  nitric  acid  and 

ently  heating  the  residue.     It  is  a  yellowish,  tasteless  powder, 

iich  is  soluble  in  hydrochloric  acid,  but  not  in  water.     Like 

"^'Senic   oxide,   it  forms  hydrates  which  have  acid   characters. 

They  are  antimonic  acid,  H3Sb04,  pyroantimonic  acid,  H4Sbj07, 

^•^cl  metantimonic  acid,  HSbOg.     The  second  of  those  named  is 

**siially  termed  metantimonic  acid,  and  the  last  antimonic  acid, 

'^^t    that  their  relationship  to  the  acids  of  arsenic  may  be  more 

""■^^ciily  seen,  the  names  applied  to  the  latter  are  used  here. 

-^^ntimonic  Acid^  H3Sb04,  is  produced  when  antimony  penta- 

^*c>ride  is  added  by  drops  to  cold  water.     Thus  obtained  it  is  a 

^^*^tinous  precipitate  possessing  a  metallic,  astringent  taste  and  a 

*^tinct  acid  reaction. 
-^^  ^Vt  ICO**  It  loses  water,  and  is  changed  to  pyroantimonic  acid, 
r^'%Sbj07,  which  is  more  soluble  in  water  than  antimonic  acid. 


dissolves  in  ammonium  hydrate,  forming  ammonium  pyro- 
monate,  (NH4)4Sb,07,  which  exists  only  in  solution. 
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Potassium  Pyroantimofiaie^  K4Sb207,  is  obtained  by  fusing  the- 
gelatinous  metantimonate  with  three  times  its  weight  of  potas- 
sium hydrate,  dissolving  the  fused  mass  in  water,  and  evaporating. 
It  is  not  stable. 

The  Acid  Sodium  Salt,  Naj,Hj,Sb207  +  6Hj,0,  is  remarkable 
being  the  only  insoluble  compound  of  sodium,  and  its  formatioi 
is  sometimes  used  as  a  test  for  that  element,  but  necessarily  only^ 
in  the  absence  of  other  metals. 

Metantimonic  Acid,  HSbOg,  remains  when  pyroantimonic  acicn^-  ..d 
loses  water  at  200°,  or  when  powdered  antimony  is  evaporatecm^-scl 
with  nitric  acid  and  the  residue  washed.  It  is  also  formed  b} 
evaporating  the  potassium  salt  with  excess  of  nitric  acid  an< 
washing  the  product  so  obtained.  It  is  a  white,  infusible  powdei 
which  is  insoluble  in  water,  but  soluble  in  tartaric  and  hydr( 
chloric  acids. 

Potassium  MetantimoncUe,  2KSb03  +  5H20,  is  prepared  b^  —7 
deflagrating  metallic  antimony  or  the  trisulphide  with  potassiuir= — n 

nitrate.     Upon  lixiviation  with  warm  water  there  is  left  a  whit :e 

powder,  which,  when  boiled  for  some  time  with  water,  dissolv< 
to  a  considerable  extent. 

A  crystalline  or  a  gummy  mass  separates  firom  this  solutioi 
according  as  it  is  moderately  or  in  large  part  evaporated. 

By  substituting  sodium  nitrate  for  the  potassium  salt, 
metantimonate  may  be  procured. 

A  basic  lead  metantimonate  is  used  in  oil- painting,  under  th^ 
name  of  Naples  yellow,  and  is  produced  by  heating  a  mixtui        ' 
of  one  part  of  tartar  emetic,  two  parts  of  lead  nitrate,  and  foi 
parts  of  sodium  chloride  for  two  hours  to  the  fusing  point  of 
last-named  ingredient,  and  subsequently  washing  out  the  solubl 
part  with  water. 

Antimony  Trisulphate,  Sb2(S04)a,  forms  white  masses 
crystals  as  the  product  of  the  action  of  strong  sulphuric  acid 
antimony  or  its  trioxide.      The  compound  is  decomposed  \  ^J 

water. 

ANTIMONY  AND  SULPHUR. 

Antimony   Trisulphide,  Sb^Sa,   Antimonii  Sulphidum,  U. 

S.  P.,  occurs  native  as  the  most  important  ore  of  antimo    "^nj. 
Though  occasionally  found  crystallized  in  prisms,  it  usually  fo" 
columnar  or  striated  masses,  which  soil  the  fingers  like  gFaipkr-:^] 
The  native  sulphide  is  purified  by  fusion,  whereby  it  is 
from  the  associated  mineral  matter.    The  product,  on' 
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of  commerce,  consists  of  *  *  steel-gray  masses  of  a  metallic  lustre 
and  a  striated,  crystalline  fracture,''  which  are  easily  pulverized 
and  fused. 

This  article  is  likely  to  contain  arsenic,  which  is  almost  com- 
pletely separated  by  macerating  the  finely-divided  substance  with 
about  one-half  its  weight  of  lo-per-cent.  ammonium  hydrate 
solution,  which  dissolves  the  impurity  from  out  the  antimony 
compound,  and  leaves  the  ^ntimonii  Sulphidum  Purifica- 
tuxn,  U.  S.  P. 

When  this  purified  sulphide  is  boiled  with  about  twelve  times 
its  weight  of  5-per-cent.  sodium  hydrate  solution  for  two  hours, 
the  following  reaction  takes  place  ; 

aSbaSa    -f    4NaOH    =    NaSbOg    +    sNaSbS,    +    2HaO. 

If  the  solution  thus  obtained  is  strained,  and  while  still  hot 
decomposed  by  excess  of  diluted  sulphuric  acid,  an  amorphous, 
reddish-brown  powder  is  thrown  down  : 

NaSbOa  -f  sNaSbS,  +  2HaS04  =  2SbaS8  +  2U^O  -f  2NaaS04. 

When  collected,  washed,  and  dried  at  a  slightly  elevated  tem- 
perature, the  powder  is  found  to  be  odorless  and  tasteless. 

It  is  known  in  medicine  as  sulphurated  antimony,  Antimo- 
Tiiiim  Sulphuratum,  U.  S.  P.,  or  kermes  vtineraly  and  formerly 
-wsLS  much  used  as  a  remedy. 

A  very  small  amount  of  trioxide  contaminates  the  above  prod- 
Artificial  trisulphides  may  be  produced  by  melting  antimony 
ith  sulphur,  or  by  precipitating  a  solution  of  an  antimony  salt 
itli  hydrogen  sulphide.    The  amorphous,  orange ,  hydrated  prod- 
of  the  last  method  may  be  changed  to  the  crystalline  black 
trisulphide  by  heat. 

Uses.  —Crystalline  antimony  trisulphide  is  used  not  only  for 
the  preparation  of  the  other  antimony  compounds,  but  also  in 
fireworks,  such  as  the  blue  or  Bengal  lights  used  at  sea,  and  for 
the  preparation,  especially  in  Sweden,  of  the  heads  of  lucifer- 
snatches ^  as  well  as  for  the  composition  of  percussion-caps.  The 
amorphous  variety  is  largely  used  as  a  means  for  vulcanizing 
caoutchouc,  to  which  it  imparts  a  reddish-brown  color. 

A^ntimony  Pentasulphide,  SbgSg,  sometimes  called  golden  snl- 

Phurei  of  antimony^   cannot  be  prepared  by  the  direct  combi- 

^tion  of  its  constituent  elements,  but  can  be  obtained  by  boil  in  gf 

wc  trisulphide  and  sulphur  with  fixed  alkali  hydrate  or  carbonate 

iient  neutralization  of  the  solution  by  acid. 
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It  may  also  be  had  as  a  fine  yellowish- red  powder  by 
ing  a  ijoluliun  of  a  crj'stallired  sulphaniimoiiate.     The  n 
precipitate,  when  carefully  dritd  in  the  dark,  is  easily  soli 
aqueous  solutions  of  alkali  hydrates  and  sulphides. 

Antimony  Cinnabar  is  an  oxysulphide  obtained  by  the 
of  a  solution  of  sodium  thiosulphate  upon  antimony  trichl(4 
II  is  used  in  painting.  Crocus  and  glass  of  aniimanj-  consid 
varying  proportions  of  oxide  and  oxysulphide.  and  are  gottel 
partly  roasting  the  ore  in  air,  or  by  incomplete  oxidatiod 
deflagration  with  potassium  nitrate.  | 

Both  tri-  and  pentasulphide  of  antimony  are  capable  of  <i 
bining  with  the  alkali  sulphides  to  form  sulphantimonites  ] 
sulphantimonaies  respectively.  Acids  corresponding  to  d 
salts  are  not  known  in  the  free  state,  but  the  salts  thems^ 
have  been  studied.  The  alkali  sulphantimonites,  nhichJ 
brown  or  black,  are  produced  by  fusing  the  alkali  hydran 
carbonate  with  antimony  trisulphtde,  or  by  dissoh-ing  the  ij 
in  a  solution  of  an  alkali  hydrate  whereby  both  sulphantinUJ 
and  antimonite  are  fonned.  The  solutions  are  not  stablej 
are  decomposed  by  acids  with  precipitation  of  the  amorpl 
trisulphide. 

This  class  of  compounds  is  sometimes  called  iivfr  of  anti 

Sodium  Sulpkanlimonate.  Na^SbS,  -f  gH^O,  or  Scklippt' s  i^ 
is  the  best  representative  of  the  higher  class  of  these  sulpho-^ 
It  is  prepared  by  heating  a  mixture  of  8  parts  of  anhydi 
sodium  sulphate  and  3  parts  of  charcoal  to  fusion  in  a  q 
ble,  and  adding  thereto,  under  continued  heat,  6  parts  of  fiili 
powdered  antimony  trisulphide  previously  mixed  with  Ij^  J 
of  sulphur,  maintaining  the  fusion  until  the  color  of  the  tn 
phide  has  disappeared.  The  cooled  mass  is  extracted  1 
water.  j 

The  same  compound  may  also  be  made  in  the  wet  van 
boiling  the  trisulphide  and  sulphur  with  milk  of  lime  and  sod 
carbonate. 

In  both  cases  the  filtered  solutions  are  evaporated  and  alld 
to  crystallize.  The  .salt  is  obuined  in  fine,  transparent  lelH 
dra  which  are  soluble  in  three  parts  of  water.  When  the  'A 
tion  is  acidified  antimony  pentasulphide  Ls  thrown  down. 

Schlippe's  salt  is  used  in  photography.  | 

The  sulphantimonaies  of  the  heavy  metals  are  insolubl 
water,  and  can  be  formed  by  double  decomposition  of  the  pra 
substances.     They  include  many  of  the  ores  of  antin 
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Antimony  Triselenide,  Sb^Ses,  and  pentaselenide,  SbgSes,  antimony 
tritelluride,  SbgTeg,  antimony  phosphide,  SbP,  and  antimony  arsenide, 
Sb^Asa,  are  known ;  the  last  as  an  ore  of  the  metal,  the  others  as  prod- 
ucts of  the  union  of  the  elements. 


BISMUTH. 

Symbol^  Bi.  Atofnic  Weight,  208.9.  Valence,  III  and  V. 

History. — Probably  bismuth  was  first  distinctly  recognized  in 
1450  by  Basil  Valentine,  who  attehipted  to  classify  it  with  other 
metals.     In  the  following  century,  Paracelsus  classed  it  among 
the  semi-metals,  but  it  was  afterwards  proposed  as  a  true  metal 
by  Agricola.     Although  clearly  described  by  the  last  author,  bis- 
muth was   subsequently  confounded  with  other    metals,   espe- 
cially with  antimony  and  zinc,  until  1739,  when  Pott  contributed 
to  the  more  accurate  knowledge  of  the  element.     Its  reactions 
n^ere  investigated  by  Bergman. 

The  name  is  from  the  German,   Wismuth, 
Occurrence. — ^The  sources  of  bismuth  are  not  numerous.     It 
an  exception  to  most  metals  by  occurring  chiefly  in  the 
c  state,  sometimes  nearly  pure.     Both  the  metal  and  its  ores 
s  generally  disseminated  through  rock.     The  most  important 
rks  for  its  production  are  at  Schneeberg,  in  Saxony,  where  the 
;  occurs  associated  with  cobalt  minerals.     The  mines  of  Eng- 
d,  France,  Hungary,  and  Scandinavia  also  afford  it. 
TThe  Magnesium  Works  at  Patricroft,   in  England,  work  up 
ansiderable  quantities  of  imported  bismuth  ore,  which  in  recent 
has  been  brought  into  commerce  from  California,  Colorado, 
,  Texas,  Mexico,  South  America,  and  Australia. 
Sesides  as  native  metal,  bismuth  is  found  as  bismuth-ochre^ 
^03,  less  frequently  as  bismuthite^  Bi^Sg,  and  occasionally  asso- 
with  many  of  the  heavy  metals  and  as  carbonate  and  sili- 

Preparation,— The  process  of  obtaining  the  metal  usually 

plied  in  the  past  consisted  in  heating  the  ore  in  iron  tubes 

lined  in  such  a  way  that  the  easily  fusible  metal  could  run  off 

proper  receptacles.     This  method  extracted  only  that  part 

the  bismuth  which  existed  in  the  free  state. 

present  the  oret*  are  roasted  to  expel  most  of  the  sulphur, 

then  fused  in  small  furnaces  with  iron  to  remove  sulphur, 

rcoal  to  reduce  the  ore,  and  slag  to  facilitate  the  operation. 

molten  mass  so  obtained  is  allowed  to  stand,  when  a  separa- 

into  two  layers  occurs,  the  lower  being  nearly  pure  bismuth. 
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When  the  upper  layer,  which  consists  of  the  cobalt-spdss,  irorir 
and  various  constituents  of  the  ore,  has  hardened,  the  still  liquic5 
bismuth  is  transferred  to  ingot  moulds. 

When  the  metal  occurs  in   ores  of  lead  and  silver,  it  is  e? 
traded  from  the  slag,  in  which  it  collects  in  quantity  from  5  to 
per  cent.,  by  cold  hydrochloric  acid,  and  subsequently  precipnr 
tated  as  basic  chloride  by  water,  or  as  metal  by  means  of  iron.    I 
aU  such  cases  it  is  finally  reduced  by  soda-ash  and  coal. 

Bismuth   is  generally  sent   into  commerce   in   hemispheri 
masses  which  weigh  from  10  to  12  kilogrammes. 

Properties. — Bismuth  is  isomorphous  with  arsenic  and  antE 
mony.     It  is  generally  met  with  in  brilliant,  grayish-white 
iridescent  masses  having  a  crystalline  lamellate  texture,  on  a 
count  of  which,  although  hard,  the  metal  can  be  readily  redu 
to  a  powder.     The  roseate  tinge  usually  present  is  said  to 
from  a  slight  superficial  oxidation.     When  melted  and  allowe^-^^ 
to  cool  the  metal  expands  quite  notably. 

Bismuth  is  the  most  diamagnetic  of  all  known  bodies,  a  goo» 
conductor  of  electricity,  but  a  poor  conductor  of  heat.     It  co 
bines  direcdy  with  the  halogens  and  sulphur,  and  has  a  specifi 
gravity  of  9.83. 

It  melts  at  264®,  and  at  a  white  heat  (about  1 100®)  may 
distilled  in  hydrogen.     It  is  permanent  in  air  at  ordinary  t 
perature?i.   but  when  heated  before  the  blowpipe  on  cha 
yields  bismuth  trioxide  as  a  brown  incrustation,  which  becomes 
yellow  on  cooling. 

Hydrochloric  acid  does  not  dissolve  the  metal,  but  it  is  solubh 
in  nitrohydrochloric  acid  and  in  hot  concentrated  sulphuric  acid 
Nitric  acid  also  dissolves  bismuth.     When  an  acid  of  specifi 
gra\'ity  1.2  is  employed,  the  presence  of  arsenic  may  be  detect 
by  the  white  deposit  of  bismuth  arsenate,  which  &ils  to  dis- 
solve. 

Although  commercial  bismuth  is  likely  to  contain  arsenic  am 
other  impurities,  still  it  is  usually  found  in  the  market  of  su 
purity  that  it  can  be  used  for  preparing  the  compounds,  parti 
larly  the  basic  nitrate,  and  some  authorities  state  that  the  p 
ence  of  as  much  as  .5  per  cent  of  arsenic  does  not  disqualify  th 
metal  for  that  purpose. 

To  free  it  of  arsenic  the  powdered  metal  is  mixed  with  5  or 
]KT  cent,  of  potassium  or  sodium  nitrate  and  fiised  in  a 
crucible  by  means  of  a  charcoal  fire.     After  the  half-cooled 
has  been  heated  for  a  minute  with  5  per  cent,  fixed  alkali  h; 
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Bismuth  Trioxidt\  BiaOs,  the  most  important  of  this  class  of  com- 
pounds, occurs  naturally  as  bismuth-ochre.  It  may  be  prepared  by  heat- 
ing bismuth  or  its  carbonate,  nitrate,  or  hydrate,  and  is  usually  seen  in 
the  form  of  a  yellow,  fusible  powder,  or  as  small  needles  of  the  same  color. 

It  is  insoluble  in  water,  and  constitutes  a  stronger  base  than  antimony 
trioxide.     Strong  acids  dissolve  it  to  form  corresponding  salts  of  bismuth. 

Bismuth  trioxide  is  employed  in  the  manufacture  of  optical  glass,  to 
which  it  imparts  greater  hardness  and  higher  refractive  power  than  is 
obtained  by  the  use  of  lead. 

Bispnuth  Dioxide,  BigOa,  Bismuth  Tetroxide,  "SiJO^,  and  Bismuth  Pen- 
toxide,  BijOs,  are  known. 

Bismuthyl  Hydrate^  BiO(OH),  is  produced  when  a  solution  of  bismuth 
nitrate  in  nitric  acid  is  slowly  added  to  a  cold  solution  of  sodium  hydrate. 
It  is  a  white,  amorphous  powder,  and  has  weak  basic  properties. 

Bismuth  Tri hydrate ^  Bi(OH)a. — When  a  solution  of  a  bismuth  salt  is 
treated  with  an  excess  of  cold  ammonium  hydrate,  this  compound  is  ob- 
tained as  a  white  precipitate.  It  has  the  characters  of  a  base,  and  upon 
heating  is  converted  into  bismuth  trioxide. 

Of  the  more  acid  hydrates,  that  having  the  composition  BiOa(OH)  is 
formed  by  passing  chlorine  into  potassium  hydrate  solution  in  which  bis- 
muthyl hydrate  has  been  suspended,  while  Bi208(OH)4  is  obtained  by 
the  action  of  potassium  cyanide  on  bismuth  nitrate. 

OXYGEN   SALTS  OF  BISMUTH. 

Bismuth  Nitrate,  Bi(N08)8-5HaO,  is  obtained  by  gradually  adding 
to  5  parts  of  nitric  acid  of  specific  gravity  1.2  contained  in  a  capacious 
flask,  and  previously  heated  to  from  75®  to  90°,  i  part  of  coarsely- 
powdered  bismuth.  A  strong  reaction  ensues,  the  metal  is  dissolved  and 
nitrogen  dioxide  is  liberated.  On  account  of  this  gas  changing  in  the  air 
to  noxious  nitrogen  tetroxide,  the  operation  is  best  conducted  in  a  place 
capable  of  ventilation : 

2Bi.  -f    SHNOa    =    2Bi(N08)a    +    4HaO    -f     2NO. 

When  the  solution  has  been  ^filtered  through  asbestos  to  remove  bis- 
muth arsenate,  evaporated,  and  allowed  to  cool,  the  salt  crystallizes, 
while  the  impurities  remain  in  the  mother-liquor. 

Bismuth  nitrate  forms  colorless,  transparent,  columnar  masses  which 
niflt  at  73°  in  their  water  of  crystallization,  and  which  by  continued  heating 
at  8()°  lose  water  and  nitric  acid,  and  are  changed  to  a  white  basic  nitrate. 
It  dissolves  in  a  small  quantity  of  water  to  form  a  strongly  caustic  liquid, 
which,  upon  the  further  addition  of  water,  is  precipitated  through  the 
prtxlurtion  of  white  basic  nitrate,  in  which  the  proportion  ol  the  nitric 
arid  radical  is  much  decreased. 

From  this  salt  most  of  the  useful  salts  of  the  metal  are  prepared. 

nasic  Bismuth  Nitrate,  (BiO)N03.H80.  Bismuth!  Sub- 
nitras,  U.  S.  P. — This  compound  was  introduced  into  the  prac- 
tice of  medicine  by  Odier  in  1786. 
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It  is  '*  a  heavy,  white  powder,  of  somewhat  varying  chemical 
composition,  odorless  and  almost  tasteless,  and  permanent  in  the 
air.  Almost  insoluble  in  water,  and  insoluble  in  alcohol ;  but 
readily  soluble  in  nitric  and  hydrochloric  acids.  When  heated 
to  120®  C,  the  salt  loses  water  (between  3  and  5  per  cent,  of  its 
-weight) ;  and  when  subsequently  heated  to  redness,  it  evolves 
xiitrous  vapors,  leaving  from  79  to  82  per  cent,  of  its  weight  of  a 
yellow  residue  which  is  soluble  in  nitric  or  hydrochloric  acid,  and 
iDlackened  by  hydrogen  sulphide.  When  brought  upon  moist- 
ened blue  litmus  paper,  the  salt  shows  a  slightly  acid  reaction." 

The  composition  of  the  salt  depends  upon  the  quantity  and 
C^niperature  of  the  water  employed  for  precipitation  and  washing 
^md  the  rapidity  with  which  the  process  of  preparation  is  con- 
noted. 

The  official  product  described  above  may  be  obtained  by  the 
i/owing  method :  i  part  of  bismuth  nitrate  and  4  parts  of 
'ater  are  thoroughly  rubbed  together,  and  the  mixture  during 
srirring  is  poured  into  21  parts  of  boiling  water,  which  react  as 
ioJlows : 

Bi(N08)s    +    2HaO    =    (BiO)N08.HaO    +    2HNO8. 

AA/hen  the  precipitate  has  subsided,  the  still  warm  supernatant 
"quid  is  poured  off,  the  precipitate  is  collected  on  a  filter  and, 
^Aer  the  filtrate  has  ceased  to  drop,  is  washed  with  an  equal 
'^oliime  of  cold  water.    After  a  repetition  of  the  washing,  the  pre- 
cipitate k  pressed  and  dried  at  a  temperature  not  above  30°.    On 
Account  of  the  acid  present,  the  liquid  from  which  the  precipitate 
'^^^s  been  collected  retains  not  inconsiderable  amounts  of  bismuth 
'^^tr^te,  the  greater  part  of  which  can  be  thrown  down  as  basic 
'^■^«"sate,  if  the  solution  be  nearly  neutralized  with  sodium  hydrate. 
'*' '^is  is  usually  collected,  washed,  and  added  to  the  first  precipi- 
^^^-      From  the  filtrate  the  remaining  traces  of  bismuth  may  be 
'"^^c>vered  as  basic  carbonate  or  as  hydrate  by  the  addition  of  an 
"^^^ss  of  sodium  carbonate  or  of  ammonium  hydrate  respectively. 
^^cx)  parts  of  crystallized  bismuth  nitrate  yield  about  60  parts  of 
*^^T\uth  subnitrate. 

ses, — Besides  its  use  in  medicine,  bismuth  subnitrate  is  ex- 
*^sively  employed  in  cosmetics  under  the  name  oi  flake-white ^ 
-     ^^    in  the  preparation  of  a  colorless,  iridescent  glaze  for  porce- 
'^^    and  in  glass  staining. 

4inc  Bismuth  Carbonate,  (BiOaCOg.HaO.    Bismuthi  Sub- 
onas,  U.  S.  P.,  is  **a  white  or  pale  yellowish-white  powder, 
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HaV04,  is  not  known,  but  salts,  such  as  NaaVO^,  exist.  The  metavanadic 
acid,  HVOa,  forms  a  fine  yellow  pigment  sometimes  termed  "  vanadium 
bronze.*'  The  most  important  salt  of  this  acid  is  ammonium  metavana- 
date,  NH4VOS.  The  solution  of  this  salt  becomes  deep  black  when 
treated  with  tincture  of  galls.  As  the  solutions  containing  this  highest 
oxide  of  vanadium  are  reduced  they  show  very  characteristic  changes  of 
color :  thus,  vanadic  salts  are  yellow ;  hypovanadic  salts  blue ;  vanadous 
salts  green ;  and  hypovanadous  salts  lavender  colored. 

Vanadium  forms  three  chlorides,  VCI4,  VCls,  and  VClj,  and  a  number 
of  oxychlorides  such  as  VOCls,  VOCl^,  and  VOCl. 

NIOBIUM  (or  Columbium). 

Symbol^  Nb  (or  Cb).        Atomic  Weighty  93.7.        Valence,  III  and  V. 

Niobium,  as  it  was  named  by  Rose,  or  Columbium,  as  it  was  first 

named  by  Hatchett,  is  a  very  rare  metal  found  in  columbite  and  tantalite 

and  other  rare  minerals.    Niobium  has  been  obtained  as  a  steel-gray 

cnust  of  sp.  gr.  4.06.    Its  most  important  compound  is  HNbOa,  forming 

sahs  known  as  niobates. 

TANTALUM. 
^ymbol^  Ta.  Atomic  Weight,  182.  Valence,  III  and  V. 

Xantalum  accompanies  niobium  in  the  minerals  above  named.    It  has 


obtained  as  an  iron-gray  powder.    Its  most  important  compound 
f^MfUoHc  acid^  HTaO»  which  forms  tanialates. 


CHAPTER  IX. 

THE  CHROMIUM   GROUP. 

CHROMIUM. 

Symbol,  Cr.         Aiomic  Weighi^  52.  VaUnce,  II,  IV,  and  VI. 

Chromium  was  discovered  by  Vauqudin  in  1797.     Klaprc^  . ' 
independently,  and  about  the  same  time,  made  the  same  c^^^ 
covery.     Both  chemists  first  observed  it  in  the  mineral  crocais^^^^ 
a  lead  chromate. 

Chromium  is  not  found  in  the  free  state  in  nature  ;  its  co^  ^^' 
pounds  are  neither  abundantly  nor  widely  distributed.  The  bt^-^^^' 
known  occurrence  is  as  chrome  iron  ore,  or  chromiie,  FeO,Cr,CII^a' 
This  is  found  in  the  Shetland  Islands,  in  Norway,  and  in  the  Ur^^^^s. 
In  the  United  States  it  is  found  near  Philadelphia,  in  beaut^EIftJ 
octohedral  crystals,  and  at  the  chrome  mines  in  Lancaster  Coun^*K}'i 
Pennsylvania.  Maryland  also  yields  some  chrome  ore.  The  ch^Sef 
supply  in  this  country  comes  fi*om  California  at  the  present  tinr-^e. 

Preparation. — Chromium  is  obtained  in  the  metallic  st^^te 
by  reducing  the  chloride  with  zinc.     For  this  purpose  chroiKr^J<^ 
chloride  is  heated  in  a  Hessian  crucible  with  metallic  zinc,  a  mi^ 
ure  of  potassium  and  sodium  chlorides  being  added  as  a  fli 
The  resulting  metallic  button  is  a  mixture  of  chromium  and 
from  which  the  latter  is  dissolved  by  treatment  with  dilute  nit:^c^^ 
acid  so  long  as  anything  is  dissolved.     The  metallic  chromiunk^       '■'^ 
left  behind  as  a  gray  powder.     When  chromic  oxide  is  heated        '^^^ 
whiteness  with  charcoal  the  metal  is  obtained. 

Properties. — Chromium,  when  prepared  by  reduction 
zinc,  is  a  light-gray,  crystalline,  non-magnetic  powder,  which 
seen  by  the  aid  of  a  microscope  to  consist  of  minute  rhomi 
hedra.    It  is  highly  infusible,  and  is  not  easily  oxidized  in  the 
Hydrochloric  acid  dissolves  the  metal  rapidly,  with  evolution 
hydrogen  ;  diluted  sulphuric  acid,  when  hot,  behaves  in  a  simil 
manner,  but  concentrated  nitric  acid  does  not  attack  it. 

Uses. — Chromium  in  the  proportion  of  0.5  to  0.75  percent 
employed  to  impart  hardness  to  steel.     The  United  States  pi 
duced  in  1893   1620  tons  of  chrome  ore,  and  imported  6^ 
tons. 
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to  I  volume  of  a  saturated  solution  of  potassium  bichromate  i)4 
volumes  of  concentrated  sulphuric  acid  : 

KaCfaO,    -\-    2HaS04    =    2Cr08    -f     2KHSO4    4-    H,0. 

By  cooling,  the  oxide  is  caused  to  separate  in  acicular  crj'stais; 
these  are  drained  in  a  funnel,  then  pressed  between  porous  brick-^^ 
again  placed  in  the  funnel  and  washed  with  nitric  acid  havingj"   ^ 
specific  gravity  of  1.46.     After  the  nitric  acid  has  drained  off,  tl^^ 
crystals  are  pressed  between  porous  bricks  a  second  time  a^«^i 
dried  on  a  sand-bath  until  no  more  nitrous  fumes  can  be  c^e- 
tected.     Another  method  of  purification  consists  in  repeatec31y 
crystallizing  the  chromium  trioxide  from  a  small   quantity         of 
water,  and  removing  the  last  traces  of  sulphuric  acid  by  the  ^^d- 
dition  of  a  little  barium  chromate. 

Properties. — Chromium  trioxide  occurs  in  lustrous,  bro^ 
ish-red,  acicular  crystals  or  rhombic  prisms,  having  a  spec: 
gravity  of  2.8.     The  crystals  are  very  soluble  in  water,  and  d< 
quescent  in  moist  air.     The  scarlet-red  crystals  usually  cont^^in 
sulphuric  acid,  while  those  that  are  purified  from  this  substar"^ce 
are  darker,  with  a  brownish-red  color  and  a  steel-blue  lust  ^3*"e. 
On  account  of  its  energetic  oxidizing  action  the  oxide  cannot       ^ 
brought  in  contact  with  the  usual  organic  solvents,  as  they  ^^trt 
liable  to  be  inflamed  thereby.     In  fact,  it  must  be  preserved       in 
glass-stoppered  botties,  and  not  brought  in  contact  with  such  suJ^^ 
stances  as  cork,  tannin,  sugar,  alcohol,  etc.     **When  Chroim'»ic 
Acid  is  heated,  its  color  darkens,  and  finally  becomes  black,  but:    ^ 
restored  on  cooling.     At  192°  to  193°  it  fuses  to  a  reddish-bro^^^" 
liquid,  which,  on  cooling,  forms  a  dark-red,  brittle  mass  (ofc^^ 
enclosing  cavities  filled  with  crystals),  ftimishing  a  scarlet  po"**" 
der.**     After  protracted  heating  at  250°  it  is  entirely  decompo*^^ 
into  chromic  oxide,  CrjOg,  and  oxygen. 

Uses. — Chromium    trioxide   is  employed    medicinally  as         ^ 
caustic,    in   dilute  solution  (i   to  100)  for  hardening  tissues       ^*^ 
microscopic  preparations,  and  more  extensively  as  an  oxidizi:^'^^ 
agent  in  the  laboratory. 

Chro9nium  Oxychloride,  Chromyl  Chloride^  CrOgCl^,  is  obtained 
introducing  a  fused  mixture  of  10  parts  of  common  salt  and  13  parts 
potassium  dichromate  in  small  pieces  into  a  retort  with  30  parts  of 
centrated  sulphuric  acid.    The  retort  must  be  connected  with  a 
cooled  receiver,  as  the  reaction  proceeds  without  the  aid  of  heat,  a 
red,  nearly  black,  liquid  distilling  over.    It  has  a  specific  gravity  of  i 
at  25°,  and  boils  at  118°. 
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The  potassium  sulphate  is  used  in  converting  another  portion 
of  calcium  chromate.  Potassium  dichromate  is  purified  by  crys- 
tallization from  five  times  its  weight  of  hot  water. 

Potassium  dichromate  crystallizes  in  red,  anhydrous,  tridinic 
prisms  or  four-sided  tables.  It  is  permanent  in  the  air,  odorless, 
and  has  a  bitter,  metallic  taste.  The  salt  is  soluble  in  lo  parts 
of  cold  water,  in  1.5  parts  of  boiling  water,  but  insoluble  in  alco- 
hol. The  aqueous  solution  is  acid  to  litmus  paper.  On  the  appli- 
cation of  heat  it  fuses  without  loss  of  weight,  and  at  a  white  heat 
oxygen  is  evolved,  leaving  a  residue  of  neutral  potassium  chro- 
mate and  green  chromic  oxide. 

Uses. — Potassium  dichromate  is  rarely  employed  in  medicine. 
It  is,  however,  extensively  used  in  the  dyeing  and  tanning  indus- 
tries, and  in  a  number  of  smaller  operations. 

Sodium  Chromate^  Na2Cr04,  and  Dichromate^  Na2Crg07,  are  prepared 
similarly  to  the  potassium  salts.  The  chief  difficulty  appears  to  be  inthe 
crystallization  of  the  sodium  salt.  According  to  Walberg,  the  following 
process  gives  satisfactory  results  :  6  parts  of  finely-ground  chrome  ore 
(containing  44  per  cent,  of  CrjOs)  are  intimately  mixed  with  3  parts  of 
soda-ash  (containing  92  per  cent,  sodium  carbonate)  and  3  parts  of  chalk. 
The  whole  is  strongly  heated  in  the  oxidizing  flame  of  a  reverberatory 
furnace,  the  charge  of  the  furnace  being  one  ton.  The  hot  mass  is 
lixiviated  with  water,  forming  a  liquid  of  84®  Tw.  It  is  then  concen- 
trated in  an  iron  pan  to  104®  Tw.,  and  run  into  tanks  lined  with  lead, 
where  adcular  crystals  separate,  having  the  composition  Na2CrO4.ioH|0. 
These  are  drained  by  a  centrifugal  machine,  then  placed  in  a  well-ventilated 
chamber,  heated  to  30®,  where  they  effloresce  and  crumble  to  a  yellow, 
anhydrous  powder.  The  dichromate  is  prepared  from  this  similarly  to 
the  potassium  salt.  It  occurs  in  deliquescent  crystals,  which  are  used  in 
many  technical  processes  in  place  of  potassium  dichromate,  because  of 
their  more  ready  solubility  in  cold  water. 

Barium  Chromate,  BaCr04,  is  a  yellow  powder,  insoluble  in  water  and 
in  acetic  acid.  It  is  obtained  by  precipitation  of  a  soluble  barium  salt 
with  potassium  chromate  or  dichromate.  Under  the  name  of  ytVffv 
ultramarine  it  is  used  as  a  pigment. 

Lead  Chromate,  PbCrO^. —There  are  at  least  three  commer- 
ical  substances  which  belong  under  this  title, — namely,  the  neu- 
tral chromate,  or  chrome  yellow y  basic  chromate,  or  chrome  red, 
and  chrome  orange,  which  is  a  mixture  of  the  two. 

Chrome  yellow  is  prepared  by  precipitating  a  solution  of  potas- 
sium chromate  with  a  solution  of  lead  acetate.  The  predpitaj^ 
is  often  mixed  with  gypsum  or  barium  sulphate  in  order  to  obi*"* 
the  lighter  chrome  colors.  Another  process  consists  in  digcsOTf 
lead  sulphate,  which  is  a  by-product  in  many  calico-iuiotbg  •*■ 
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dye-works,  with  a  solution  of  potassium  chromate.  The  depth 
of  shade  depends  upon  the  amount  of  unchanged  lead  sulphate. 
It  is  stated  that  a  beautiful  chrome  yellow  may  also  be  obtained 
by  digesting  lOO  parts  of  freshly-precipitated  lead  chloride  with 
47  parts  of  potassium  dichromate. 

Chrome  red  is  a  basic  lead  chromate  having  the  composition 
PbCr04,  Pb(OH)j.  It  is  sometimes  known  as  Austrian  cinnabar. 
In  order  to  obtain  it  the  yellow  chromate  is  boiled  with  a  solution 
of  potassium  hydrate,  or  a  better  quality  is  made  by  fusing  to- 
gether equal  parts  of  sodium  and  potassium  nitrates,  and  adding 
to  the  fused  mass,  in  small  quantities  at  a  time,  the  yellow  chro- 
mate. After  cooling,  the  insoluble  chrome  red  is  well  washed 
and  dried.  The  different  shades  of  this  compound  appear  to  be 
due  to  the  size  of  the  crystalline  particles,  as  may  be  shown  by 
separately  rubbing  a  number  of  samples  to  a  uniform  powder. 

A  large  number  of  other  chromates  are  known,  and  may  in 
most  cases  be  prepared  by  precipitating  a  soluble  salt  of  the  metal 
with  potassium  dichromate. 

OXYGEN  SALTS  OF  CHROMIUM. 

Chromous  Sulphate^  CrS04.7H20,  is  prepared  by  cooling  a  solution  of 
chromous  acetate  in  dilute  sulphuric  acid,  whereby  crystals  of  the  above 
composition  separate.  It  is  also  obtained  when  metallic  chromium  is 
dissolved  in  dilute  sulphuric  acid.  When  concentrated  sulphuric  acid  is 
added  in  excess  to  the  above  solution,  a  white  salt  having  the  composi- 
tion CrS04.HgO  is  precipitated. 

Chromous  sulphate  occurs  in  bluish  crystals,  which  are  isomorphous 
with  magnesium  sulphate. 

Chromic  Sulphate,  Cra(S04)8-i8HaO. — This  compound  is  prepared  by 
dissolving  chromic  hydrate  in  the  necessary  quantity  of  dilute  sulphuric 
add.  The  crystab  may  be  obtained  by  careful  evaporation  or  by  the 
addition  of  alcohol.  The  solution  is  green  when  first  prepared,  but  be- 
comes violet  on  standing,  and  deposits  crystals  of  a  violet  color. 

When  the  violet-colored  solution  is  boiled  for  some  time  it  becomes 
gr^en,  and  is  then  not  precipitated  by  alcohol,  and  yields  an  amorphous, 
green  mass  by  evaporation  ;  but  by  long  standing  the  solution  again  be- 
comes violet,  and  will  then  yield  the  normal  salt  either  by  evaporation 
or  by  precipitation  with  alcohol. 

It  is  probable  that  the  boiling  causes  the  formation  of  a  basic  salt. 

Chrofmutn  and  Potassium  Sulphate,  KaCra(  504)4. 24HaO,  Chrome 
if  Afifi.-.This  salt  is  obtained  by  dissolving  in  water  molecular  propor- 
tions of  chromic  sulphate  and  potassium  sulphate  and  carefully  evaporat- 
^-  The  violet-red  solution  yields  dark  cr>'stals  of  the  same  color  as  the 
•oJtttion  from  which  they  separate,  having  the  above  composition.  It 
''■y  &ko  be  prepared  by  adding  to  an  aqueous  solution  of  potassium 
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dichromate  the  necessary  quantity  of  sulphuric  add  and  passing  in  sul- 
phurous oxide.  When  the  solution  is  heated  it  turns  green,  and  cr>-stals 
cannot  be  obtained  from  it,  but  by  long  standing  it  acquires  the  violet- 
red  color  and  will  then  crystallize. 

Other  alums  of  chromium  may  be  obtained  by  the  substitution  of  the 
sulphates  of  ammonium  or  sodium. 

Chrome  alum  is  obtained  commercially  as  a  by-product  in  the  manu- 
facture of  certain  aniline  dyes.  It  is  used  as  a  mordant  in  dyeing,  and  to 
some  extent  in  the  manufacture  of  leather. 

Chromic  Nitrate ^  Cra(S04)8.i8HgO,  is  obtained  by  dissolving  chromic 
hydrate  in  nitric  acid.  The  resulting  solution  is  blue  by  transmitted 
light  and  red  by  reflected  light,  and  the  crystals  which  are  deposited  have 
a  purple-red  color. 

Chromic  Phosphate,  Cra(P04)a,  is  made  by  adding  to  chromic  chloride 
a  solution  of  sodium  phosphate.  It  is  obtained  as  a  green  precipitate, 
which  becomes  blue  on  drying. 

CHROMIUM  AND   SULPHUR. 

Chromium  Sesquisulphide,  CrgSa,  is  prepared  by  pasdng  hydn^o 
sulphide  over  heated  chromic  chloride  or  chromium  trioxide.  It  may 
also  be  obtained  by  the  direct  union  of  metallic  chromium  and  sulphur. 
It  is  a  grayish-black  mass. 

Chromium  Monosulphide,  CrS,  is  said  to  have  been  found  in  meteoric 
iron,  and  it  is  claimed  that  Chromium  Persulphide,  Cr2S7,  is  formed 
when  hydrogen  sulphide  is  passed  into  a  solution  of  potassium  didiro* 
mate  in  water  of  ammonia. 

MANGANESE. 

Symbol,  Mn.  Atomic  Weight,  54.8.         Valence,  II,  IV,  and  VI. 

History. — The  ore  c?X\^Apyroiusite,  or  black  oxide  o{  to^^' 
ganese,  was  known  to  the  early  chemists,  by  whom  it  "kzs  c<^^' 
founded  with  magnetic  oxide  of  iron  or  magnetite. 

In  1740,  Pott  showed  that  this  mineral  did  not  contain  ir<^^' 
and,  in  1774,  Scheele  recognized  it  as  very  different  fix>m    ^ 
ores  of  iron,  and  further  investigated  it.  . 

The  metal  was  first  separated  by  Gahn,  in  the  same  year,  ^^ 
later,  in  larger  quantities,  by  St.  Claire- Deville  and  Brunner. 

The  name  manganese  is  supposed  to  have  been  given  the  ^^ 
element  to  distinguish  it  from  magnesia. 

Occurrence. — Manganese  occurs  in  nature  as  a  frequent 
iMrttr  of  iron,  to  which  by  its  properties  it  is  closely  related.       '' 
cs\h{h  Wvv  to  a  small  extent  in  meteoric  iron. 

Vhr  most  widely-occurring  ores  are  the  oxides,  of  which  tb^ 
»MM^,^    important   is   manganese  dioxide,  or  pyroiusHe,    MoOg' 
hi fshits  this  it  is  found  as  sesquioxide,  or  dnmm^^  iiofip 
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MANGANESE  AND  THE  HALOGENS. 

Manganous    Chloride,    MnClj.4HjO. — This  is  obtained  as  a 
side  product   in   the   preparation  of  chlorine   from  manganese 
dioxide  and   hydrochloric   acid.      In   the   residual  liquid  it  ^ 
mixed  with  iron,  from  which  to  separate  it  the  filtered  liqu^^ 
is  evaporated  to  dryness  to  expel  free  acid,  the  residue  treat^ 
with  water,  and  the  resulting  solution  heated  with  an  excess  ^ 
manganous   carbonate.     After  filtration   the  solution   is  evap^^* 
rated  and  allowed   to   crystallize.     The   manganous  carbon»^^^ 
required  for  the  operation  is  previously  prepared  from  some  ^cd^ 
the  iron  containing  liquid  by  precipitation  with  sodium  carb^- — ^ 
nate.     Should  lead  and  copper  be  present,  they  are  precipitat" 
by  hydrogen  sulphide  after  the  iron,  has  been  separated  and 
fore  the  solution  is  concentrated  for  crystallization.     It  is  a  pin  — *k» 
deliquescent  salt. 

Manganic    Chloride,  MnjCl^,  and   Manganese  Tetrachiori(m /<^t 

MnCl^,  have  never  been  isolated,  for  they  readily  decompo£===>e, 
giving  chlorine  and  manganous  chloride. 

Manganous  Bromide ,  MnBrj.4HjO,  and  Manganoiis  Iodic 


MnIj.4HjO,  are  pink,  deliquescent  salts  obtained  by  dissolvi^=ng 
manganous  carbonate  in  hydrobromic  or  hydriodic  acid. 

MANGANESE  AND   OXYGEN. 

Manganous  Oxide,  MnO,  is  obtained  as  a  green  powder        ^y 
heating  manganous  carbonate,  or  an  oxide  of  manganes^e  that  is 

richer  in  oxygen,  in  a  stream  of  hydrogen.  It  is  a  strong  has 
and  dissolves  easily  in  acids  with  the  formation  of  mangan< 
salts. 

Manganous  Hydrate,  Mn(OH)g. — Manganous  oxide  form* 
hydrate  of  an  unstable  character,  as  a  white,  flocculent  predpit^^^^^ 

when  a  solution  of  a  manganous  salt  is  decomposed  by  potassii "^ 

or  sodium  hydrate.     It  is  insoluble  in  excess  of  either  precipita^^cnt, 
but  is  soluble  in  ammonium  hydrate.     It  soon  acquires  in  the  ^^_^^ 
a  brown  color,  due  to  partial  change  to  manganic  hydrate,  whi 
is  insoluble  in  all  the  alkali  hydrates. 

Manganese  Sesquioxide,  Mn^Og,  occurs  in  nature  as  braun 
crystallized  in  brown-black,  lustrous,  very  hard,  obtuse  qua< 
pyramids.     It  is  usually  prepared  and  of  the  same  color  by  ear- 
ful ignition  of  manganous  hydrate,  manganese  dioxide,  or 
ganic  nitrate.     It  is  a  very  weak  base,  in  consequence  of  whS^— "* 
it  combines  with  acids  only  with  difficulty. 
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Hot  hydrochloric  acid  effects  solution  with  liberation  of  chlo- 
rine and  production  of  manganous  chloride. 

Manganic  Hydraiey  Mnj(OH)g. — As  mentioned  above,  this 
compound  results  from  the  oxidation  of  manganous  hydrate,  and 
is  prepared  by  allowing  that  change  to  take  place.  In  cold 
hydrochloric  acid  it  dissolves  to  a  dark-brown  liquid,  which  is 
considered  to  contain  manganic  chloride,  the  instability  of  which 
is  shown  by  its  decomposition  into  manganous  chloride  and  chlo- 
rine when  the  solution  is  gently  warmed.  It  is  used  in  the  prepa- 
ration of  varnishes. 

The  mineral  manganite  has  the  composition  MnjOg.  HgO. 

Manganoso-manganic  Oxide^  MngO^,  occurs  native  as  haus- 
mannite  in  brown-black  quadratic  pyramids.  It  results  upon  the 
continued  ignition  of  the  oxides  of  manganese,  of  the  hydrates, 
and  of  the  carbonate  with  access  of  air.  With  evolution  of 
chlorine  it  dissolves  in  hydrochloric  acid  to  yield  manganous 
chloride. 

Manganese  Dioxide,  MnOj.  Mangani  Dioxidum,  U.  S.  P. — 
This  most  important  of  manganese  ores  was  known  and  used  in 
the  Middle  Ages.  It  is  often  called  black  oxide  of  manganese  or 
pyrolusite.  The  largest  deposits  are  in  the  Russian  Caucasus, 
Chili,  Cuba,  Germany,  France,  and  in  the  United  States  in  Vir- 
ginia, Arkansas,  and  Colorado.  It  crystallizes  in  steel-gray, 
more  or  less  lustrous,  rhombic  masses,  which  usually  enter  com- 
merce in  a  compact  or  striated  state.  The  dioxide  can  be  arti- 
ficially prepared  by  carefully  heating  manganous  oxide  with 
potassium  chlorate,  or  by  repeated  treatment  of  manganous  oxide 
with  hot  concentrated  nitric  acid,  or  by  moderate  heating  of  the 
corresponding  hydrate. 

From  the  manganous  chloride  residues  left  upon  making 
chlorine  the  manganese  is  recovered  by  Weldon*s  process,  which 
depends  upon  the  formation  of  dioxide  when  air  is  blown  through 
the  residue  mixed  with  milk  of  lime.  Upon  paper  or  porcelain 
it  gives  a  gray-black  streak,  and  when  crushed  a  graphite-colored 
powder.  The  other  oxides  give  brown  stains  and  powders.  The 
specific  gravity  of  the  mineral  varies  between  4.7  and  5.  i.  It  is 
not  attacked  by  water,  nitric  acid,  or  dilute  sulphuric  acid.  When 
heated  with  strong  sulphuric  acid  to  100°  it  gives  manganic  sul- 
phate, while  at  200°,  manganous  sulphate  results.  In  the  pres- 
ence of  easily  oxidizable  organic  substances,  such  as  sugar  or 
oxalic  acid,  it  dissolves  in  dilute  sulphuric  acid  with  liberation  of 
oxygen,  which  acts  upon  the  organic  matter  present. 
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Hydrochloric  acid  yields  with  the  dioxide  chlorine  and  mar^' 
ganous  chloride.     At  a  low  red  heat  it  gives  off  one>foiirth  of  ii 
oxygen  and  changes  to  sesquioxide,  while  at  a  higher  texnj 
ture  it  gives  up  one-third,  and  passes  into  manganoso-manganC — ^^ 
oxide.     The  pyrolusite  of  commerce  is  not  pure,  but  contain^^s, 
besides  other  oxides  of  manganese,  variable  quantities  of  calciui^r^^ 
and  barium   carbonates  and  sulphates,  silica,  and  iron  oxid< 
The  official  requirement  is  the  native  compound  containing 
least  66  per  cent,  of  pure  dioxide,  estimated  by  the  amount  o: 
ferrous  sulphate  that  is  oxidized  when  that  substance  is  boih 
with  the  sample  and  hydrochloric  acid.     With  some  basic  oxid< 
manganese  dioxide  forms  salts  known  as  manganites.     The  aci^ 
corresponding  to  these  compounds  is  not  recognized  in  the 
state. 

Uses. — Manganese  dioxide  serves  for  the  preparation  of  oth( 
manganese  compounds,  of  oxygen,  of  chlorine,  and  for  the  d( 
colorization  of  glass,  in  which  it  corrects  the  green  color  impartes^sd 
by  the  iron  oxide  derived  from  the  sand  used.  Aside  from  tl — i^e 
last  use,  it  is  employed  to  give  an  amethyst  color  to  glass. 

Manganic  Anhydride y  MnOg,  has  not  yet  been  prepared,  nor  is 
the  corresponding  hydrate,  or  manganic  acid,  H,Mn04,  knoius — n 
in  the  free  state.  The  salts  of  the  acid,  however,  are  well  knoiiw^n 
under  the  name  of  manganates. 

Potassium  Manganate^  KgMn04. — This  compound  is  made 
evaporating  lOO  parts  of  potash  lye  of  specific  gravity  1.33  in 
bright  iron  kettle  to  about  one-third  its  weight,  and  adding  to 
fused  potassium  hydrate  so  obtained  30  parts  of  manganese  d 
oxide  and  28  parts  of  potassium  chlorate,  separately 
and  previously  mixed  on  a  sheet  of  paper.     The  mass  is  th 
dried  with  constant  stirring  to  a  stiff  consistency,  and  then  heat 
in  a  Hessian  crucible  to  a  low  red  heat  until  a  snudl  quantity 
taken  out  and  put  into  water  almost  completely  dissolves  with 
intense  green  color : 

3MnOa    -f    6KOH    +    KClOa    =     3KaMn04    -f    KCl    -f    3H,( 

The  heating  of  the  mixture  must  not  be  carried  to  full  fiisio 
or  decomposition  of  the  manganate  ensues.     When  the  reaction 
has  been  shown  to  be  complete,  the  mass  is  poured  out  on  ar. 
iron  plate,  and,  when  cold,  is  broken  and  extracted  with  wat 
The  solution  is  filtered  through  asbestos,  and  then  e\'aporated  i 
a  rarefied  atmosphere,  whereby  the  salt  is  obtained  in 
almost  black  crystals. 
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In  both  cases  a  precipitate  of  hydrated  dioxide  is  produced. 

After  standing,  the  clear  solution  is  siphoned  off,  and  the  las" 
turbid  portion  is  filtered  through  asbestos.  Care  having  beer 
taken  to  exclude  dust,  the  liquid  is  evaporated  until  a  pellicle 
forms  on  the  surface,  and  then  allowed  to  cool.     The  cr>'stals 


which  separate  are  collected  and  placed  to  drain  out  of  contact  z^zi 
with  organic  matter.     The  salt  may  be  obtained  in  a  crude  stat^^  _e 

by  evaporating  the  solution  at  once  to  dryness.     It  forms  metallic    \ 

lustrous,  almost  black,  rhombic  prisms,  which  are  permanent  ir^cr  ^n 
the  air.  These  are  soluble  in  16  parts  of  water  at  15°,  and  in  ^  3 
parts  of  boiling  water.  The  solution  gradually  undergoes  chang< 
Potassium  permanganate  is  a  powerful  oxidizing  agent  towa 
organic  and  inorganic  substances.  In  neutral  solution  one  moh 
cule  of  the  salt  gives  up  three  atoms  of  oxygen,  with  the  produ< 
tion  of  a  brown,  flocculent  precipitate  of  a  hydrated  dioxide. 

In  acid  solution  one  molecule  gives  up  five  atoms,  and  if  sui 
cient  of  the  oxidizable  matter  is  present,  a  clear  and  colorleri 


solution  results.     On  account  of  the  ease  with  which  they  yier  r=Jd 
their  oxygen,  both  manganate  and  permanganate  are  employ 
as  disinfectants  :   foul-smelling  gases  or  substances  are  render 
entirely  odorless  by  contact  with  these  compounds.     Its  use  in 

the  quantitative  analysis  of  iron  and  of  organic  matter  in  potaJ-  3le 
waters  depends  upon  this  same  feature.  Chlorine  is  liberated  l^Mby 
the  action  of  hydrochloric  acid  on  potassium  permanganatr^^g- 
The  salt  is  occasionally  used  in  the  practice  of  medicine. 

Sodium  Perma7iganate^   NajjMnj08.6HaO,  is  prepared  by  * 

method  similar  to  that  used  for  making  the  potassium  salt.    It  is^  -^^ 
very  hygroscopic,  and  therefore  difficultly  crystallizable,  substancn::^*^- 

Ammonium  Permayiganate^    (^^^^^%0^,    is    isomorpho 
with  the  potassium  compound.     It  results  upon  the  double 
composition  of  molecular  quantities  of  barium  permanganate  a 
ammonium  sulphate,  or  of  silver  permanganate  and  ammoni 
chloride.     It  is  easily  decomposed  by  heat. 

Barium  Permanganate^   BaMngOg,  forms  needle-shaped,  ^      ^ 
most  black  crystals,  and  is  gotten  by  the  action  of  carbon  dioxi 
on  barium   manganate  suspended  in  water,  or  by  reacting  < 
silver  permanganate  with  barium  chloride. 

Zinc  Permanganate,  ZnMnjOg,  as  easily-decomposable,  d 
(lark-red,  lustrous  crystals,    is   prepared  by  decomposition 
barinni  permanganate  by  the  proper  amount  of  zinc  sulphate, 
i»r  silver  permanganate  by  zinc  chloride,  and  evaporation  of 
Qiipnniitant  liquid  in  vacuo. 


ide 
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Permanganic  Acid^  HjMnjjOg,  is  known  only  in  aqueous  solu- 
tion. It  may  be  made  by  the  action  of  dilute  sulphuric  acid  on 
barium  permanganate,  or  by  boiling  a  manganese  compound  that 
is  free  from  chlorine  with  nitric  acid  in  the  presence  of  red  oxide  of 
lead.  The  production  of  its  rose-red  color  by  the  last  method  is 
used  as  a  test  for  manganese  under  the  name  of  Crum*s  process. 

Permanganic  Anhydride^  Mn207,  is  the  oxide  which  corre- 
sponds to  permanganic  acid.  As  a  heavy,  greenish-black,  readily 
decomposing  liquid,  it  is  produced  when  potassium  permanga- 
nate is  added  in  small  quantity  to  well- cooled  concentrated  sul- 
phuric acid. 

The  greatest  care  should  be  exercised  in  the  application  of 
these  substances  as  oxidizing  agents,  as  explosion  is  likely  to 
occur  if  the  action  is  sudden. 

MANGANESE  AND   SULPHUR. 

Two  sulphides  of  manganese  are  found  native.  Manganese 
monosulphide,  MnS,  occurs  as  manganese-blende  in  black,  cubic 
crystals,  and  manganese  disulphide,  MnSj,  as  hauerite  in  red- 
brown  crystals  of  the  same  system. 

The  former  sulphide  may  be  prepared  as  a  green  powder  by 
heating  manganese  sesquioxide  in  a  stream  of  hydrogen  sulphide, 
or  by  precipitating  a  solution  of  a  manganous  salt  with  an  alkali 
sulphide,  whereby  a  flesh-pink  precipitate  of  a  hydrated  sulphide 
is  thrown  down.  Upon  exposure  to  air,  this  takes  up  oxygen  and 
assumes  a  brown  color. 

OXYGEN  SALTS  OF  MANGANESE. 

Manganous  Sulphate,  MnS04.4H,0.  Mangani  Sulphas, 
U.  S.  P. — ^This  salt  is  prepared  by  rubbing  a  convenient  quan- 
tity of  finely-powdered  dioxide  of  good  quality  to  a  thick  paste 
with  concentrated  sulphuric  acid,  then  heating  the  mixture  in  a 
Hessian  crucible  by  a  blast-furnace  gradually  to  low  redness,  and 
maintaining  that  condition  as  long  as  white  fumes  of  sulphur  tri- 
oxide  are  evolved  : 

MnO,    -f     HaS04    =    MnS04    +    HgO    +    O. 

From  time  to  time  a  portion  of  the  mass  is  taken  out,  allowed 
to  cool,  and  treated  with  water.  The  solution  is  then  filtered 
Uid  tested  for  iron,  which,  if  found,  necessitates  heating  the 
Qateriak  to  full  redness,  until  after  another  trial  the  water  solution 
B  fimnd  to  be  destitute,  or  nearly  so,  of  iron. 
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The  gray- white  mass  is  allowed  to  cool,  and  is  then  powdered 
and  extracted  with  three  times  its  weight  of  hot  water,  which,  by 
frequent  stirring,  dissolves  the  salt. 

Most,  if  not  all,  of  the  iron  is  left  undissolved  as  oxide.     Any         -v 
traces  remaining  in  solution  are  removed  by  manganous  carbon-        — 
ate,  which  precipitates  the  impurity  as  hydrate.     The  filtered,         ^^^ 
iron-free  solution  is  slowly  evaporated  at  a  low  temperature. 

Lead  and  copper  are  removed  by  saturating  the  liquid  with 
hydrogen  sulphide  previous  to  evaporation,  while  zinc  is  sepa- 
rated by  the  same  reagent,  but  in  the  presence  of  sodium  acetate 
and  acetic  acid. 

Manganese  sulphate  forms  pale,  rose-colored  crystals  which 
are  somewhat  efflorescent,  and  the  amount  of  whose  water  of 
crystallization  and  whose  crystalline  form  vary  according  to  th 
temperature  at  which  the  crystals  separate.     Besides  that  of  offi- 
cial composition  which  contains  four  molecules  of  water  of  cr^-s- 
tallization,  and  which  is  obtained  in  rhombic  prisms  between  20** 
and  30°,  monoclinic  crystals  having  the  formula  MnS04.7H,' 
can  be  produced  below  6°.     They  are  isomorphous  with  ferrou 
sulphate.     Between  7°  and  20°  a  salt  of  the  composition  MnSO^. 
5H2O  crystallizes  in  the  triclinic  system,   which  also   includ 
copper  sulphate.     When  the  solution  is  evaporated  at  a  tempe 
ture  above  30°,  an  almost  colorless,  difficultly  soluble,  crystallin 
powder  of  still  lower  percentage  of  water  separates. 

The  official  salt  is  soluble  in  an  equal  weight  of  water  to 
duce  a  neutral  solution.  It  is  not  soluble  in  alcohol.  With  thm"^  "he 
sulphates  of  potassium  and  sodium,  manganese  sulphate  givc^"^^^ 
crystalline  monoclinic  double  salts.  Manganous  sulphate  finds  •^^s  a 
limited  use  in  medicine. 

Manganic  Sulphate ^  Mn,( 804)3,  ^^  ^  dark-green,  deliquc 
powder  which  results  fi'om  the  action  of  concentrated  sulphur: 
acid  on  manganese  sesquioxide  or  on  the  dioxide  at  fi'om 
to  140^. 

Manganese  alums  crystallize  in  octohedra,  and  arise  fix)m  tlrt*  the 
union  of  the  alkali  sulphates  with  manganic  sulphate. 

Manganous  Nitrate,  Mn(N03)2.6H20,  separates  in  deliqu 
cent  crystals  when  manganese  carbonate  is  added  to  nitric  aci 
and  the  solution  is  evaporated. 

Manganous  Phosphate,  Mn3(P04)g.7H30,  is  produced  as  ^^-^  ^ 
white  precipitate  by  the  addition  of  sodium  phosphate  to  a  solri^^^'"" 
tion  of  manganous  sulphate. 

Manganese  Borate  is  formed  when  a  solution  of  a  manganor  ^n^ous 
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salt  IS  precipitated  by  sodium  borate.  The  white  precipitate 
thrown  down  becomes  brownish  upon  drying. 

Manganous  Carbonate,  MnCOg. — Manganese-spar,  the  native 
form  of  this  compound,  occurs  in  red,  hexagonal  crystals,  which 
are  contaminated  with  iron  and  other  carbonates.  The  artificial 
white  salt  is  prepared  by  adding  a  slight  excess  of  sodium  car- 
bonate to  a  solution  of  manganous  sulphate.  Upon  drying  it 
undergoes  some  decomposition  and  becomes  darker  on  account 
of  the  sesquioxide  formed.  When  ignited  it  loses  carbon  dioxide 
and  leaves  manganoso-manganic  oxide. 

Manganic  Phosphate,  Mn^{VO^\.2\\fi,  consists  of  a  green- 
ish-gray powder,  which  is  obtained  by  the  gradual  addition  of  a 
concentrated  solution  of  manganous  nitrate  to  a  25  per  cent,  so- 
lution of  phosphoric  acid  previously  heated  to  and  subsequently 
maintained  at  100°.  Dilute  nitric  or  sulphuric  acid  does  not 
alter  it,  but  concentrated  hydrochloric  acid  dissolves  it,  chlorine 
being  set  free. 

Manganic  Arsenate,  Mna(As04)a.2Hj,0,  can  be  prepared  in 
the  same  manner  as  is  the  manganic  phosphate.  It  is  a  gray 
powder. 

MOLYBDENUM,  TUNGSTEN,  URANIUM. 

In  addition  to  chromium  and  manganese,  in  the  foregoing  group  we 
have  the  rarer  elements  molybdenum,  tungsten,  and  uranium. 

The  whole  group  possesses  many  points  of  resemblance  to  the  sulphur 
group  of  non-metals.  The  members  have  an  equivalence  II,  IV,  VI, 
and  some  of  them  more  rarely  VIII. 

Molybdenum,  Mo.  Atomic  IVeight,  95.9. — This  element  occurs  in  na- 
ture chiefly  as  fnolybdenite,  MoS^,  and  as  ztml/enite,  a  lead  molybdate, 
PbMo04.     It  is  more  rarely  found  as  the  trioxide,  MoOa. 

Molybdenum  is  prepared  by  heating  the  chloride  or  oxide  to  a  high  tem- 
perature in  a  current  of  hydrogen.  It  is  a  silver-white,  infusible  metal, 
harder  than  topaz,  and  having  a  specific  gravity  of  8.6.  It  is  permanent 
in  the  air,  unless  heated,  when  it  is  slowly  converted  into  the  trioxide. 
Hydrochloric,  hydrofluoric,  and  dilute  sulphuric  acids  do  not  dissolve  it, 
but  it  is  readily  attacked  by  nitric  acid  and  nitro-hydrochloric  acid. 

Molybdenum  Pentachlaride,  M0CI5,  is  formed  by  gently  heating  the 
metal  in  a  current  of  chlorine.  The  trichloride  is  prepared  from  this  by 
heating  to  250®  in  a  current  of  hydrogen.  The  dichloride  and  tetrachlo- 
ride  are  also  known. 

Molybdenum  Trioxide,  MoOg,  is  the  final  product  of  the  oxidation  of 
the  metal.  The  other  oxides  are  prepared  from  this  by  various  processes 
of  reduction.    They  are  MoOj,  M02O3,  and  MoO. 

Molybdic  Acid  is  a  term  applied  to  the  trioxide,  and  its  combinations 
With  various  bases  are  known  as  molybdates. 
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Ammonium  Mofybdaie,  (NH4)aMo04,  is  formed  by  dissolving  molyl 
denum  trioxide  in  solution  of  ammonia,  and  precipitating  the  salt  fonn< 
by  the  addition  of  alcohol. 

Phosphomolybdic  Acid  is  prepared  by  the  union  of  phosphoric  and  m< 
lybdic  acids. 

The  one  richest  in  molybdenum,  obtained  by  evaporating  an  aqueoi 

solution  of  these  two  acids,  has  the  composition  2HaPO4,24MoO8.58H20 

It  occurs  in  yellow  cr>'stals,  and  loses  water  at  140®. 

Ammonium  Phosphomolybdate,  ii(Mo03),(NH4)8P04.6HaO,  is  the^  «-ie 
compound  which  is  formed  when  ammonium  molybdate  in  the  presences  — r** 
of  nitric  acid  is  added  to  phosphoric  acid  or  a  phosphate. 

Tungsten  (Wolfram),  W,  Atomic  Weight,  183.6,  is  found  in  nature  a^  .^=2  as 
wotframite,  an  iron  and  manganese  tungstate.  Like  molybdenum,  i*^  it 
forms  a  great  number  of  compounds,  and  as  tungstic  acid  combines  with*  j^-  ith 
bases  to  form  a  great  variety  of  salts. 

Uranium,  U,  Atomic  Weight,  238.8,  occurs  in  nature  chiefly  as  th» 
mineral  uranite,  or  pitch-blende^  UaOg.    It  has  many  characters  in  commor 
with  molybdenum  and  tungsten,  but  possesses  more  basic  properties 
The  metal  is  not  so  permanent,  and  ignites  when  heated  with  access 
air  to  170°.     It  has  a  specific  gravity  of  18.4. 

Three  chlorides  of  uranium  are  known,  as  follows :  the  trichloride 
UCI3,  the  tetrachloride,  UCI4,  and  the  pentachloride,  UCI5. 

The  dioxide,  UOa,  and  the  trioxide,  UOg,  are  known ;  the  latter  is 
towards  acids,  and  forms  salts  containing  the  bivalent  radical  urany 
UOa-    The  uranyl  salts  are  yellow,  and  impart  to  glass  when  fused  wir 
it  a  remarkable  fluorescence. 

Uranyl  Chloride,  UOaClj,  is  formed  by  heating  the  dioxide  to  redne^^  -«ess 
in  a  current  of  chlorine. 

Uranium  Pefitoxide^  UgOs,  is  a  black  powder  used  for  painting  bla*  r^r^r^ 
on  porcelain. 

Green  Oxide  of  Uranium^  UsOa,  is  formed  by  heating  UOg  or  UO^  ^^^t  ^ 
oxygen. 
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commercial  varieties,  differing  in  both  physical  and  chemical 
characters, — viz.,  cast-iron,  wrought-iron,  and  steeL  According 
to  the  present  method  of  working  the  ores,  cast-iron  is  the  first 
variety  obtained. 

Cast-iron. — While  the  earliest  processes  for  the  manu&cture 
of  iron  allowed  of  the  production  of  a  relatively  pure  iron  direct 
from  the  ore,  such  production  was  wasteful  and  expensive.    The 

Fig.  87. 


ore  is  now  first  submitted  to  the  blast-furnace  treatment,  and  ^ 
product  is  an  iron  containing  from  3  to  6  per  cent,  of  carbon^ 
gether  with  smaller  amounts  of  other  elements,  such  as  silkoo  ^^ 
phosphorus,  and,  it  may  be,  manganese.  The  theory  (rf  "^ 
blastfurnace  may  be  readily  understood  from  Fig.  87.  A  *^ 
cylindrical  or  conical  chamber,  lined  with  fire-brick,  is  filled  ^ 
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ing-point.  The  first  method,  and  for  a  time  the  only  one,  ns 
the  "cementation  process."  In  this  the  bars  of  wroughc-iron 
cut  in  short  lengths  are  packed  with  fine  charcoal  in  fire^da; 
chests  or  "troughs,"  and  heated  to  about  iioo"  for  from  4108 
days,  when  the  bars  are  found  to  be  converted  into  hard  sted, 
known  as  blister  steel.    This  is  then  frequently  melted  in  plov- 

FiG.  88. 


ha%o  cnidbles  at  a  white  heat  and  cast  into  ingots  known 
crucible  steel,  which  is  the  hardest  and  finest  variety,  and  is  u*- 
for  edged  tools  and  temper  steel.     The  second  method  of  ste* 
making  is  the  Bessemer  process,  which,  as  has  well  been  said, 
the  greatest  metallurgical  discovery  that  has  ever  been  made.     /■ 
this  we  start  with  cast-iron,  of  which  some  4  to  10  tons  are  rndt** 
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in  one  char^  in  a  vessel  known  as  the  "converter,"  and  a 
powerful  blast  of  air  is  blown  through  the  molten  metal  until  the 
necessary  amount  of  carbon  has  been  burned  out.  The  Besse- 
(per  converter  is  shown  in  Fig.  88  in  general  view,  and  in  Fig. 
S9  in  section.  The  converter,  which  is  lined  with  fire-brick,  is 
first  heated  to  a  bright,  red  heat  and  put  into  a  horizontal  position. 

Fig.  8». 


Scctioiul  view  or 


"^  p^-iron  is  then  run  in  from  a  cupola,  or  it  may  be  direct 
"Wn  the  blast-furnace,  and  the  blast  turned  on  when  the  con- 
'Wter  is  swung  back  into  a  vertical  position.  The  reaction  lasts 
"•"He  20  minutes,  and  is  known  to  be  complete  by  the  change  in 
fte  appearance  of  the  flame  that  issues  from  the  mouth  of  the 
inverter.     In  this  time  the  carbon  of  the  cast-iron  is  almost 
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entirely  burned  out,  leaving  what  might  be  called  a  wrought-iro/?. 
The  converter  is,  therefore,  returned  to  the  horizontal  positioo 
the  blast  is  shut  off,  and  a  certain  quantity  (some  7  per  centj 
of  spiegel-iron,  rich  in  carbon  and  manganese,  is  added  to  the 
charge,  which  gives  to  the  iron  the  quantity  of  carbon  necessaiy 
for  its  transformation  into  steel,  while  the  manganese  reduces 
what  oxide  of  iron  has  formed  in  the  molten  mass.     The  third 
process  for  the  manufecture  of  steel  is  the  "open-hearth"  or 
Siemens-Martin  process.     In  this  is  taken  either  a  mixture  of  pig- 
iron  and  ore,  which  is  heated  with  a  reverberatory  flame,  as  in 
the  puddling  process,  or  bars  and  blooms  of  wrought-iron  are 
heated  with  the  pig-iron,  and  steel  is  made  by  the  combination  of 
the  two.     The  steel  so  obtained  is  run,  while  in  the  molten  state, 
through  suitable  channels  into  ingot  moulds  to  solidify. 

Steel  contains  0.8  to  1.5  per  cent,  of  carbon,  all  of  whidi  is 
chemically  combined  with  the  iron.  Its  specific  gravity  is  7.6-8.0. 
It  has  a  fine-grained  structure,  and  melts  at  about  1400**.  If 
cooled  rapidly  it  becomes  hard  and  brittie  ;  if  cooled  slowly  it  is 
soft,  and  may  be  forged  and  welded.  Steel  is  tempered  by  re- 
heating it  to  temperatures  varying  from  220®  to  320°,  according 
to  the  use  intended,  and  then  allowing  it  to  cool  slowly.  It  thus 
acquires  elasticity  combined  with  hardness. 

The  entire  production  of  pig-iron  throughout  the  world  in  1892 
amounted  to  26,859,554  metric  tons,  of  which  the  United  States 
produced  9,304,428  tons  ;  the  world's  production  of  steel  forth-^ 
same  year  was  12,019,114  metric  tons,  of  which  the  United  Stat^^ 
produced  4,235,541  tons. 

Properties. — ^The  purest  of  the  commercial  varieties  just  mer^* 
tioned  is  wrought-iron.     Accordingly  this  is  taken  as  the  offici^^ 
iron  of  the  Pharmacopoeia  (Ferrum,  U.  S.  P.),  and  is  describer-^ 
as  *  *  metallic  iron  in  the  form  of  fine  bright  and  non-elastic  wire. 
Its  other  characters  have  been  given  under  wrought-iron.  Anothe=^ 
form  of  the  metal  recognized  officially  is  reduced  iron  (Ferrui 
Reductum,  U.  S.  P.).     This  is  iron  reduced  from  the  sesqui 
oxide  by  hydrogen.     The  oxide  is  directed  to  be  prepared  by  th 
U.  S.  Pharmacopoeia  of  1870  by  calcining  the  thoroughly- wash( 
subcarbonate.     The  reduced  iron  forms  an  iron-gray  powde 
without  metallic  lustre,  readily  oxidizing  on  exposure  to  air,  an 
liable  to  contain  some  oxide  of  iron  from  imperfect  reducdon 
after  oxidation. 
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Ferric  Iodide,  Fcale,  may  be  prepared  by  heating  iron  filings  with  an 
excess  of  iodine,  but  is  unstable,  and  decomposes  on  cooling  into  ferrous 
iodide  and  free  iodine. 

Both  Ferrous  Fluoride,  FeFj,  and  Ferric  Fluoride,  Fe^Fe,  have  been 
obtained,  and  are  relatively  stable.  The  former  may  be  had  crystallized 
with  8  molecules  of  HjO  in  greenish  prisms,  and  the  latter  in  colorless 
crystals  with  9  molecules  of  HgO. 

IRON   AND   OXYGEN. 

Ferrous  Oxide,  FeO,  is  obtained  as  a  black  powder  either  by  reducing 
ferric  oxide  with  carbon  monoxide  or  by  heating  ferric  oxide  to  300°  and 
passing  hydrogen  over  it.  It  readily  oxidizes,  and  when  prepared  by 
this  latter  method  becomes  mcandescent  on  exposure  to  the  air,  so  rapid 
is  the  oxidation. 

Ferrous  Hydrate^  FeCOH,),  is  thrown  out  of  ferrous  solutions 
by  the  alkalies  as  a  greenish- white  precipitate.  It  soon  absorbs 
oxygen,  and  changes  first  to  a  dirty  green  and  then  to  a  red- 
dish brown.  Ferrous  hydrate  is  also  formed  by  the  action  of 
pure  water  containing  air  in  solution  on  iron.  It  dissolves  in 
about  150,000  parts  of  water  with  an  alkaline  reaction. 

Ferric    Oxide^  Fe^Og,  is  found  abundantly  in  nature  as  red 
hematite  or   specular  iron.     Artificially  it  is  prepared  by  ignit- 
ing the  hydrate  or  any  ferric  salt  containing  a  volatile  acid,  form' 
ing  what  looks  at  first  like  a  steel-gray  powder,  but  which,  wheif* 
finely  ground,  takes  a  brownish-red  color.     It  is  also  obtained 
on  a  large  scale,  when  fuming  sulphuric  (or  Nordhausen)  acid 
distilled  from  green  vitriol,  as  a  dark-red  powder  under  the  nanrn 
of  **  colcothar**  or  caput  mortuum^  and  is  used  as  poUshing-po^*?" 
der  and  as  a  basis  of  paints.     Natural  ochres  also  furnish  an  oxid  ^ 
which,  after  ignition,  proves  valuable  for  use  as  a  pigment. 

Ferric  Hydrate,  Fe,(OH)e  (Ferri  Oxidum  Hydratufl» 
U.  S.  P.),  is  formed  when  a  ferric  solution  is  precipitated  by  ad 
ing  an  excess  of  ammonia.  It  appears  as  *'a  brownish 
magma,  wholly  soluble  in  hydrochloric  acid  without  efferve^' 
ccnce."  On  boiling  it  becomes  more  compact,  pves  up  water^* 
and  is  converted  into  the  hydrate  Fe,0(0H)4  (^^  ^^^^"^ — 
2Hj,0).  The  same  change  takes  place  graduaUy  by  the  prc^' 
longed  contact  of  the  precipitated  hydrate  with  water,  and  ult::"^^' 
mately  a  bright-red  amorphous  powder  of  the  composition 
Fe^OaCO  H^a  (or  FcgO,  -|-  H^O)  remains.  Neither  of  these  hv^=r 
hydrates  is  as  efficient  an  arsenic  antidote  as  the  fineshly-pr'^-' 
cipitated  ferric  hydrate.  Freshly-precipitated  ferric  hydrate  fe 
soluble  in  solution  of  ferric  chloride  with  dark-red  color  amag,  to 
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the  formation  of  a  basic  chloride.  If  this  solution  be  allowed  to 
dialyze  we  can  obtain  a  liquid  containing  98.5  per  cent,  of  ferric 
hydrate  and  1.5  per  cent,  of  hydrochloric  acid.  These  solutions 
are  known  as  **  Dialyzed  Iron." 

Ferroso-ferric  Oxide ^  Feg04  (or  FeCFcaOg). — ^This  combina- 
tion of  the  two  oxides  of  iron  is  found  abundantly  in  nature  as 
the  magnetic  or  black  oxide  of  iron.  It  is  also  formed  when  iron 
is  quickly  burned  in  oxygen  or  when  steam  is  passed  over  ignited 
iron.  The  iron  scale  that  forms  when  wrought-iron  is  heated  in 
the  air  is  a  varying  mixture  of  ferrous  and  ferric  oxides. 

Similar  combinations  of  ferric  oxide  with  other  protoxides  oc- 
cur in  nature  as  the  mineral  Franklinite  (containing  zinc  oxide 
with  ferric  oxide),  while  in  Chromite  (or  chromic  iron)  we  find 
chromium  sesquioxide  with  ferrous  oxide  in  combination. 

Ferric  Acid, — When  iron  filings  are  fused  with  nitre  we  obtain  a 

cherry-red  fiised  mass  from  which  water  dissolves  out  potassium  ferrate^ 

K^Fe04.     This  compound  may  be  obtained  in  crystals  isomorphous  with 

potassium  chromate  and  sulphate.     It  is,  however,  unstable  and  soon 

decomposes.    The  free  acid,  H2Fe04,  has  not  been  obtained. 

OXYGEN  SALTS   OF  IRON. 

Ferrotts  Sulphate,  FeStvyHjO  (Ferri  Sulphas,  U.  S.  P.), 

tfti^^  long  been  known  under  the  name  of  green  vitriol.     It  forms 

•  *  large,  pale  bluish-green,  monoclinic  crystals,  without  odor,  and 

virith  a  saline,  styptic  taste  ;  efflorescent  in  dry  air.'*     In  moist  air, 

tfec  crystals  rapidly  absorb  oxygen  and  become  coated  with  a 

Ijirownish-yellow  crust  of  basic  ferric  sulphate.    It  is  readily  soluble 

\rx  water,  insoluble  in  alcohol.     The  aqueous  solution  of  the  salt 

has  an  acid  reaction.     When  heated  the  salt  loses  6  molecules  of 

^'^ter  at  100®  and  the  seventh  only  at  300°.     The  official  dried 

fejTous  sulphate  (Ferri   Sulphas   Exsiccatus,  U.  S.   P.)   is 

^^ted  to  have  approximately  the  composition   2FeS04.3HaO, 

*^d  forms  a  grayish-white  powder.     The  official  granulated  salt 

C^^^rri  Sulphas  Granulatus,  U.  S.  P.)  has  the  same  composi- 

^on,  FeS04.7HjO,  as  the  crystals,  but  is  got  in  crystalline  pow- 

<ler  by  allowing  the  clear  aqueous  solution  to  run  into  alcohol,  in 

^^ich  the  salt  is  insoluble. 

Ferrous  sulphate  forms  crystallizable  double  salts  with  alkali 
^phates,  as  FeS04.(NH4),S04.6H,0.  As  these  double  salts  are 
^ore  stable  than  the  ferrous  sulphate  by  itself  and  oxidize  only 
^'^wly  in  the  air,  they  are  often  used  in  the  laboratory. 

Ftrric  SulphatCy  Fej(S04)3,  fornis  a  white  mass  which  gradu- 
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ally  dissolves  in  water  with  a  reddish-brown  color.  The  sc^'^u- 
tion  is  official  as  Liquor  Ferri  Tersulphatis,  U.  S.  P.  Fer— ric 
sulphate  unites  with  alkali  sulphates  to  form  iron  alums.  ^Df 
these,  the  ammonium  alum,  Fe,(SO4)3(NH4),SO4.24H,0,  is 
official  as  Ferri  et  Ammonii  Sulphas,  U.  S.  P.  It  crystalli-^es 
in  **  pale  violet,  octohedral  crystals,  without  odor,  and  having  an 
acid,  styptic  taste;  efflorescent  on  exposure  to  the  air.'*  It:  is 
soluble  in  water,  insoluble  in  alcohol. 

A  basic  or  subsulphate  of  iron  is  also  official  in  solution  as 
Liquor  Ferri  Subsulphatis,  U.  S.  P.,  known  conmionly  as 
Monser s  Solution,  In  its  preparation,  the  ferrous  sulphate  tal^en 
is  converted  into  ferric  sulphate  at  the  expense  of  the  nitric  a-^d 
added  ;  but  the  sulphuric  acid  mixed  with  the  nitric  is  in  quant  % 
insufficient  to  form  the  normal  salt.  The  formula  assigned  to  -^M 
salt  contained  in  this  solution  is  Fe40(S04)5,  or  according  to  otl^er 
authorities  Fej(S04)35Fej03.  H,0. 

Ferric  Nitrate^  FeaCNOa)^,  is  formed  when  iron  is  dissolved  in  ni'tric 
acid.    It  crystallizes  either  with  12  molecules  of  water  in  cubes  or  v«r'^tl:i 
18  molecules  in  monoclinic  crystals,  both  forms  being  colorless  ^tt^ 
deliquescent.    A  solution  of  the  ferric  nitrate  is  official  as  Liquor  F^^"*^ 
Nitratis,  U.  S.  P. 

Ferrous  Phosphate^  Fe8(P04)2.8H20,  occurs  as  the  mineral  vivia^^^^ 
in  bluish  monoclinic  prisms.    Obtained  artificially  it  is  a  white,  amoi 
powder,  which  speedily  oxidizes  in  the  air. 

Ferric  Phosphate,  Fea(  P04)2,  is  obtained  as  a  white  precipitate  on  a< 
ing  sodium  phosphate  to  ferric  solutions.  It  is  present  in  the  offi« 
scale  preparation  Ferri  Phosphas  Solubilis,  U.  S.  P. 

Ferric  Pyrophosphate,  Fe4(Pa07)a,  is  the  salt  present  in  Ferri  Pyroph^ 
phas  Solubilis,  U.  S.  P.,  another  scale  preparation. 

Ferric  Hypophosphite,  FeaCPHaOg).,  Ferri  Hypophosphis,  U.  S. 
forms  *'a  white  or  grayish-white  powder,  odorless  and  nearly  tasteU 
permanent  in  the  air.''    Like  other  hypophosphites  it  is  readily  oxidL 
by  oxidizing  agents. 


Ferrous  Carbonate,  FeCOa,  occurs  in  nature  as  the  min^^ 
siderite  or  spathic  iron.  It  is  artificially  obtained  bv  addi^^^ 
sodium  carbonate  to  ferrous  solutions,  forming  a  white  predpit^*^* 
which  rapidly  oxidizes  in  the  air  to  ferric  hydrate.  The  officri^ 
preparation  Ferri  Carbonas  Saccharatus,  U.  S.  P.,  proter^^*^ 
the  carbonate  by  admixture  with  sugar.  Ferrous  carbonate  ^ 
slightly  soluble  in  water  containing  dissolved  carbon  dioxide,  s^^^^ 
hence  is  present  in  the  natural  chalybeate  mineral  waters. 

Potassium  Ferrocyanide  and   Ferricyanide  are  described 
under  the  cyanogen  compounds  in  Part  IV. 
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Most  of  the  Canadian  ore,  however,  is  smelted  and  reduced  to 
metal  in  the  United  States. 

Preparation  and  Properties. — Such  nickel  ores  as  contain 
sulphur  or  arsenic  are  first  roasted,  and  the  product,  known  as 
**  speiss,*'  is  then  dissolved  in  hydrochloric  acid,  and  the  separa- 
tion of  nickel  from  the  accompanying  metals  accomplished  in  the 
wet  way.  The  New  Caledonian  ore,  being  free  from  arsenic,  sul- 
phur, and  cobalt,  is  smelted  in  a  blast-furnace  very  much  like 
iron  ores,  or  it  may  be  at  once  treated  with  hydrochloric  acid,  and 
the  solution  of  nickel  salt  then  precipitated  with  oxalic  acid  and 
the  oxalate  reduced  to  metal  with  lime  and  carbon. 

Nickel  is  a  lustrous  white  metal  with  a  steel-gray  tinge.  Its 
specific  gravity  is  8.9.  When  pure  it  is  malleable,  and  can  be 
welded.  The  cast-nickel  formerly  obtained  from  arsenide  and 
sulphide  ores  did  not  possess  these  properties,  owing  to  the  com- 
bined carbon,  which  made  it  like  cast-iron.  In  1879,  Fleitraann 
discovered  that  the  addition  of  ^  of  i  per  cent,  of  magnesium 
rendered  the  nickel  malleable  and  more  fusible.  Since  then  it  has 
been  found  that  manganese  in  amount  from  2  to  5  per  cent,  would 
accomplish  the  same  result.  The  purest  nickel  has  been  made  by 
Mond,  who  takes  up  the  metal  in  a  gaseous  compound  by  pass- 
ing carbon  monoxide  over  it  at  a  moderate  heat,  and  then  at  a 
higher  temperature  decomposes  the  compound,  separating  pure 
metallic  nickel. 

Uses  of  the  Metal. — Nickel  has  long  been  used  in  admixture 
with  copper  and  zinc  in  the  manufacture  of  German  silver ;  ^^ 
has  also  been  used  with  copper  alone  in  coinage  alloys,  ^^ 
within  the  last  few  years  in  the  manufacture  of  nickel-steel  Bitt^^^' 
plate,  which  has  produced  a  great  increase  in  the  demand  for  ^^^ 
metal.     Nickel-plating  has  also  been  an  important  utilization  ^^ 
the  metal,  as  the  coating,  if  well  deposited,  undergoes  scar^^^^ 
any  oxidation,  and  takes  a  high  polish.    The  solution  from  wH*^ 
the  plating  is  done  is  always  that  of  the  nickel-ammonium   ^^ ' 
phate. 

of 
Nickel  Compoiiftds. — Nickel,  like  iron,  forms  two  well-defined  serii^^ 

salts  :  the  nickehus  compounds,  in  which  it  has  the  valence  two,  and  ^ 

nkkelic,  in  which  the  double  atom  Nij  acts  as  a  hexad  grou{>.  The  fo^"*** 

series  appear  to  be  the  more  stable. 

Nickelous  Chloride,  NiCla.6H20,  forms  green  monoclinic  pri^^^ 
soluble  in  water  and  alcohol.  When  heated  they  lose  water,  and  1^^* 
anhydrous  show  a  yellow  color. 

Nickelous  Cyanide,  Ni(CN)a,  is  an  apple-green  precipitate  easily  ^^^^ 
ble  in  excess  of  potassium  cyanide,  with  the  formation  of  a  cryst^J^*^ 
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the  accompanying  metals  is  effected  by  the  use  of  bleachir^^g- 
powder,  which  precipitates  the  cobaltic  hydrate. 

Cobalt  is  a  slightly  reddish- white  metal,  harder  than  iron,  a    t3nd 

of  specific  gravity  8.5-8.7.     It  b  attracted  by  magnets,  but  ii la 

lesser  degree  than  iron.     It  is  slowly  attacked  by  sulphuric  a  -^md 

hydrochloric  acids,  more  readily  by  nitric  acid.     Cobalt  is  son le- 

what  used  for  plating  upon  other  metals,  like  nickel,  but  m^ic=}st 
of  it  is  made  into  the  oxide  for  use  in  the  manufactiu-e  of  tziz^e 
pigment  smalt.  The  total  annual  production  of  cobalt  is  abczuDut 
200  tons. 

Compounds  of  Cobalt — ^Two  well-defined  series  of  compounds  are 

formed  here  also :  the  cobaltous  and  the  cobalHc^  corresponding  to  the 

ferrous  and  the  ferric.  The  former  of  these  possess  a  reddish  color  w^^Hien 
in  the  hydrated  state,  but  become  blue  when  made  anhydrous. 

Cobaltous  Chloride^  C0CI9,  is  obtained  by  the  solution  of  cobalC^=DUS 
oxide  in  hydrochloric  acid.  It  forms  red,  prismatic  crystals  which  disso  3ve, 
yielding  a  pale  pinkish  solution.    This  is  well  known  as  the  basis         of 

'*  sympathetic  inks  ;'*  these  leave  upon  paper  almost  invisible  charac^ ers, 

which  when  sharply  dried  become  blue. 

Cobaltous  Oxide,  CoO,  is  obtained  as  a  green  powder  on  heating  01 it  of 

contact  with  air  the  cobaltous  hydrate. 

Cobaltous  Hydrate,  Co(OH)a,  is  obtained  as  a  rose-red  predpitat<  00 

the  addition  of  alkalies  to  hot  cobaltous  solutions.  In  cold  solutio-  ^=3ns  a 
blue  basic  salt  is  precipitated. 

Cobaltous- Cobaltic  Oxide,  C08O4,  is  a  compound  corresponding  U 
magnetic  oxide  of  iron,  and  is  obtained  when  either  of  the  other  oj 
of  cobalt  or  the  nitrate  is  heated  in  the  air.     It  forms  a  black  powdei 

Cobaltic  Oxide,  CogOa,  corresponding  to  ferric  oxide,  is  obtained 
dark-brown  powder  by  gently  igniting  the  nitrate. 

Cobaltic  Hydrate,  Co2(OH)e,  is  obtained  as  a  brownish-black  predp^^^^ 
if  an  alkaline  hypochlorite  is  added  to  a  cobaltous  solution.  This  is  ^^ 
solved  by  sulphuric  acid  with  liberation  of  oxygen,  and  by  warm  hy*^['^ 
chloric  acid  with  liberation  of  chlorine ;  cold  dilute  hydrochloric  a»-  ^^"» 
however,  dissolves  it  with  scarcely  any  evolution  of  gas,  forming  Co»  ^^W 
which  decomposes  on  heating,  however,  into  cobaltous  chloride  ^^^^ 
chlorine. 

Cobaltous  Sulphate,  CoS04.7HaO,  forms  dark-red,  monodinic  prism^^- 

Cobaltous  Nitrate,  Co(N08)a.6H20,  forms  red.  deliquescent  prismss--' 

Cobalt  Silicates. — When  glass  of  any  variety  is  fused  with  a  cobalt 
a  dark-blue  color  is  obtained.    This  colored  glass,  when  reduced  t 
powder,  is  used  as  a  pigment  under  the  name  of  smalt.    The  applicai 
of  ores  of  cobalt  for  this  purpose  appears  to  date  fi-om  the  sixteenth 
lur>'.    Commercial  smalt,  made  from  sand,  potashes,  and  roasted  col 
ores,  contains  usually  from  6  to  16  per  cent,  of  cobalt. 

Two  other  pigments  are  also  obtained  from  cobalt  oxide :  Tkenai 
blue  (or  cobalt  ultramarine),  by  igniting  it  with  alumina,  and 
£recn,  by  igniting  it  with  zinc  oxide. 
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of  osmium,  iridium,   ruthenium,  and  rhodium,  known  as  osmi- 
ridiiim.     The  platinum   is  thrown  down  from  the  solution  ^V 
ammonium  chloride  as  the  double  chloride  of  platinum  and  3tiv- 
monium.     This,  when  ignited,  leaves  the  metal  in  a  finely-divici^ 
state  known  as  spongy  platinum.     The  last  substance  is  co^^* 
pressed  into  a  cake  by  powerful  pressure,  and  is  then  welded  ^t  a 
white  heat  into  a  homogeneous  mass.     Deville's  method,  Ixow- 
ever,  has  almost  entirely  superseded  that  just  mentioned.     In    'this 
the  platinum  ore  is  melted  with  an  equal  weight  of  galena  .^nd 
half  its  weight  of  metallic  lead.     The  platinum  is  thus  taken      up 
by  the  lead  while  the  osm iridium  remains  unattacked.     The  p>lat- 
inum-lead  alloy  is  then  melted  and  exposed  to  a  current  of  air,    by 
which  the  lead  is  oxidized,  the  oxide  flowing  oflf  as  slag  and     ^e 
platinum  being  left  as  a  porous  mass.    This  is  placed  in  a  furrmsce 
made  of  lime,  and  melted  by  means  of  a  powerful  oxyhydrogr^^ 
blow -pipe  flame. 

The  accompanying  figure  shows  the  apparatus  used  for  tliis 
purpose.  The  nozzle  of  the  oxyhydrogen  blast-lamp  is  intir'O- 
duced  through  a  perforation  in  the  dome  of  the  furnace,  through 
which,  also,  another  opening  is  made  for  the  introduction  of  tHe 
porous  metal.  From  the  lip-shaped  exit  at  the  side  the  melted 
metal  may  be  poured  into  moulds. 

Properties.— In  the  compact  state  platinum  is  of  white  colo^- 
It  possesses  a  decided  metallic  lustre,  great  malleability,  suscex^ti- 
bility  of  polish,  and  solidity.  Next  to  gold  and  silver  it  is  x\vt 
most  ductile  of  metals.  Its  malleability  is  considerably  lessei^^^ 
by  contamination  with  other  metals,  and  is  particularly  noti^^* 
able  in  commercial  platinum  which  contains  iridium.  Platir^''^'^ 
belongs  to  the  most  difficuldy  fusible  metals.  Except  in  a  \r^^ 
attenuated  state  and  in  small  quantity,  it  requires  the  heat  of  tl^^ 
oxyhydrogen  flame  or  the  flame  from  the  combustion  of  c^^^' 
gas  in  oxygen  to  melt  it.  Deville  placed  its  melting  poin't^  ^^ 
2000°.  Like  iron  it  can  be  welded  at  a  white-heat.  It  cry^*^' 
lizes  in  cubes  and  octohedra.  The  specific  gravity  of  the  meX  ^^ 
metal  is  21.15,  of  the  hammered  metal  21.45.  At  no  temp^^^^' 
ture  does  it  combine  with  oxygen.  Like  copper  and  silver,  ^^^ 
melted  metal  possesses  the  property  of  absorbing  oxygen,  wh  i^"' 
as  the  metal  is  allowed  to  cool,  is  given  off,  causing  thepheno:^^"^^' 
non  of  **  spitting." 

Compact  platinum  does  not  absorb  oxygen,  but  it  conde^"*^^ 
this  gas  on  its  surface,  and  partly  changes  it  to  ozone.  '^C"*^ 
occurs  even  at  50°. 


itrongly  oxidizing  action  of  the  metal  in  such  a  condition 
conveniently  illustrated  by  heating  a  small  piece  of  plati- 
il  in  the  flame  of  a  Bunsen  burner,  and  then  quickly  ex- 


ling  the  flame,  allowing  the  gas  to  escape.    The  foil  glows, 

ilaced  near  the  burner  it  becomes  hot  enough  to  inflame 

That  this  property  is  due  to  sur£icc  action  seems  to  be 

by  the  feet  that  the  more  finely-divided  forms  of  the  metal, 
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platinum-black  and  spongy  platinum  ^  possess  the  same  properties 
to  still  higher  degrees. 

Platinum  absorbs  hydrogen  at  a  red  heat  and  holds  it  at  ordi- 
nary temperatures,  but  at  a  red  heat  in  vacuo  the  gas  is  given 
off.  When  platinum  is  employed  as  the  negative  pole  in  the 
electrolysis  of  water,  it  takes  up  hydrogen,  which  it  will  again 
give  up  by  the  employment  of  the  hydrogen-laden  metal  as  posi- 
tive pole. 

When  platinum  is  reduced  from  its  chlorine  compounds  it  is 
obtained  in  an  extremely  finely-divided  condition,  and  is  then 
known  as  platinum-black. 

This  reduction  may  be  brought  about  by  the  action  of  metallic 
zinc,  or  by  boiling  the  solution  with  an  alkali  hydrate  or  carbon- 
ate and  adding  some  organic  substance,  such  as  sugar  or  alco- 
hol. In  the  form  of  platinum-black,  the  metal  is  capable  of  con- 
densing several  hundred  times  its  volume  of  oxygen.  It  thus 
becomes  an  energetic  oxidizing  agent ;  alcohol  thrown  upon  it  is 
at  once  ignited.  Some  authorities  regard  platinum-black  as  an 
oxide.  It  is  a  black,  hard  powder,  which,  by  great  pressure  and 
rubbing,  may  be  made  to  assume  a  white  color.  Repeated  heat- 
ing reduces  its  power  to  condense  oxygen. 

Under  no  circumstances  does  platinum  decompose  water. 
Hydrochloric,  hydrofluoric,  nitric,  and  pure  sulphuric  acids 
singly  do  not  attack  platinum. 

Nitro-hydrochloric  acid  easily  and  completely  dissolves  it 

When  alloyed  with  silver  it  is  dissolved  by  nitric  acid. 

Fused  alkali  sulphides,  hydrates,  cyanides,  and  nitrates  all  attaclt 
the  metal.     It  is  also  affected  by  the  free  elements  or  by  m^^^" 
ures  which  liberate  the  halogens.     Platinum-ware  should  Vi^'^^^ 
be  heated  in  the  inner  cone  of  a  Bunsen-burner  flame,  as  i*^    ^ 
likely  to  combine  with  the  carbon  of  the  gas  to  form  a  compo^*^ 
which  injures  the  texture  of  the  metal.     Platinum  vessels    ^"^ 
usually  cleaned  by  rubbing  with  moistened  round  sea-sand,  o^    v 
fusing  in  them  a  quantity  of  acid  potassium  sulphate  until  W^** 
fumes  of  sulphur  trioxide  are  evolved.  ^  , 

Platinum-sponge  finds  use  in  Dobereiner's  tinder-box,  in  wl^* 
nascent  hydrogen  is  inflamed  by  passing  over  the  porous  me^^^^' 

Platinum  is  made  into  stills  for  use  in  distilling  sulphuric  a^^^^' 

The  metal  was  at  one  time  used  in  Russia  for  the  coinag"^ 
money. 

The  production  of  platinum  in  Russia  for  the  year  1891 
4226  kilos. 
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When  iridium  is  present  in  platinum  it  does  not  disqualify  it 
ibr  the  preparation  of  apparatus,  but,  on  the  contrary,  better 
adapts  it  for  such  purposes,  inasmuch  as  it  makes  the  articles  less 
fusible,  more  rigid,  harder,  denser,  and  less  readily  attacked 
chemically  than  pure  platinum.  An  alloy  of  8  parts  of  plati- 
num and  2  parts  of  iridium  is  only  very  slightly  dissolved  by 
nitro-hydrochloric  add.  An  alloy  containing  10  per  cent  of 
iridium  was  used  in  France  to  prepare  the  standard  metre  and 
kilogramme. 

Porcelain  is  ornamented  with  platinum  by  applying  a  thin 
paste  made  from  platinum  and  ammonium  chloride  by  the  aid 
of  rosemary  and  lavender  oils,  the  article  being  subsequendy 
heated  in  a  muffle.  To  coat  metallic  objects,  a  paste  of  the  same 
salt  but  with  tartaric  add,  or  the  metal  in  the  form  of  a  very  thin 
foil,  is  strongly  rubbed  on,  or  the  artide  may  be  suspended  in  a 
r^^ular  plating  bath  of  the  double  chloride  dissolved  in  a  solution 
of  sodium  carbonate. 

PLATINUM  AND  THE  HALOGENS. 

PlaHnous  Chloride^  PtCl^  is  obtained  by  heating  spongy  platinum  in  a 
stream  of  dry  chlorine  to  24o**-25o**. 

It  is  a  gray-green  powder,  insoluble  in  water,  but  soluble  in  hot  hydro- 
chloric add  to  give  a  red-brown  colored  solution. 

ChloroplaHnic  Acidy  PtCl4,2HC1.6HaO,  results  when  platinum  is  dis- 
solved in  nitro-hydrochloric  add  and  the  solution  evaporated  with  hydro- 
chloric acid  to  expel  nitric  add.  By  completing  the  evaporation  over 
sulphuric  acid  or  caustic  lime  a  deliquescent  salt  is  obtained. 

It  is  used  in  platinum-plating  and  as  a  reagent  for  potassium. 

Ptatinic  Chloride,  PtCl4.5H20.— When  a  molecule  of  chloroplatinic 
add  is  decomposed  with  two  molecules  of  silver  nitrate  and  the  resulting 
predpitate  filtered  off,  a  yellowish-red,  silver-fi-ee  solution  is  obtained, 
which,  upon  evaporation,  yields  platinic  chloride  as  a  red,  cr>'stalline, 
non-deliquescent  salt 

Both  chloroplatinic  acid  and  pladnic  chloride  form  with  the  chlorides 
of  potassiimi  and  ammonium  difficultly-soluble,  yellow,  cr>'stalline, 
double  chlorides.  The  corresponding  sodiimi  and  lithium  compounds 
are  soluble. 

Piatinous  Bratnide,  PtBr,,  results  as  a  brown-gray,  insoluble  mass 
when  bromoplatinic  add  is  heated  to  200°. 

Ptatinic  Bromide,  PtBr4,  is  not  known  except  in  combination  with 
hydrobromic  acid  as  bromoplatinic  add.  The  latter  is  produced  by  dis- 
solving platinum  in  a  mixture  of  nitric  and  hydrobromic  adds ;  it  crys- 
tallizes in  deliquescent,  dark-red  prisms.  ^ 

Piatinous  Iodide,  Ptl,,  is  a  black  powder  obtained  by  warming  piatin- 
ous chloride  with  potassium  iodide. 

34 
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PlaHnic  Iodide^  YM^, — By  heating  an  excess  of  chloroplatinic  add  with 
potassium  iodide  a  black  powder,  insoluble  in  water  and  soluble  in 
potassium  iodide,  is  obtained. 

PLATINUM  AND  OXYGEN. 

PiaHnous  Oxide^  PtO,  and  Piatinic  Oxide,  PtOa,  are  obtained  as 
black  powders  by  careful  heating  of  the  respective  hydrates. 

PiaHnous  Hydraie,  Pt(OH)a,  forms  a  black  powder  which  possesses 
the  characters  of  a  weak  base.  It  is  obtained  by  digesting  platinous 
chloride  with  potassium  hydrate. 

Piatinic  Hydrate^  Pt(OH)4,  is  obtained  as  a  white,  flocculent  precipi- 
tate by  boiling  chloroplatinic  acid  with  an  excess  of  sodium  hydrate,  and 
then  acidifying  the  liquid  with  acetic  acid. 

PiaHnous  Suiphide,  PtS,  and  PiaHnic  Suiphide,  PtSg,  are  precipitated 
from  the  corresponding  chlorides  when  the  latter,  in  water  solution,  arc 
treated  with  hydrogen  sulphide.    They  are  black-brown  powders. 

Platinum  forms  many  series  of  ammonium  compounds.    Fulminating 
platinum  is  produced  by  decomposing  platinum  and  ammonium  chloride 
with  potassium  hydrate.    It  is  a  straw-colored  powder  whose  composi' 
tion  has  not  been  determined. 

RHODIUM. 

Symbol,  Rh.  Atomic  Weight,  102.9.  Valence,  II  and  IV. 

WoUaston  discovered  this  element  in  an  American  platinum  ore  ^^ 
1804,  and  on  account  of  the  rose-red  color  of  its  chloride  gave  to  ittrt^* 
name  rhodium.    Apart  from  its  occurrence  in  platinum  ores,  rhodiu^^ 
occurs  alloyed  with  gold.    In  the  compact  state  it  is  a  gray-white,  mall^^' 
able  metal,  which  is  more  difficultly  fusible  than  platinum,  but  mo^'^ 
easily  than  iridium.    Its  specific  gravity  is  12.1.    It  oxidizes  superficially^* 
becoming  blue  when  strongly  heated  in  the  air  or  in  contact  with  alk^^-' 
lies.   Rhodium  is  insoluble  in  all  acids  with  the  exception  of  nitro-hydrc:^ 
chloric.    Its  alloys  are,  however,  more  easily  dissolved.    At  a  red  he^^-* 
chlorine  produces  with  the  finely-divided  metal  red,  insoluble  rhodiu^^** 
chloride,  RhaCle* 

Rhodium  gives  oxides  of  the  following  compositions :  RhO,  Rh^Os 
and  RhOg.    The  hydrates,  Rh(OH)4  and  Rha(OH)e,  are  known. 

The  oxygen  salts  of  rhodium,  as  also  the  other  compounds,  have  as 
found  no  practical  application. 

RUTHENIUM. 
Symbol,  Ru.  Atomic  Weight,  101.4.  Valence,  II  and  IV. 

Ruthenium  was  first  observed  in  1828,  by  Osann,  in  the  residues  frt^^^ 
the  working  of  the  Russian  platinum  ores. 

The  name  ruthenium  was  applied  to  the  new  element  because  the  ok"^ 
came  from  Russia.  It  was  first  prepared  in  a  pure  state  by  Qaos^  ^ 
1848. 
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It  also  occurs  as  sulphide  in  lauriU,  which  is  found  along  with  platinum 
ores  in  Borneo  and  Oregon. 

Ruthenium  is  a  gray-white,  brittle  metal,  which,  with  the  exception  of 
osmium,  is  the  most  difficultly  fusible  of  the  members  of  the  platinum 
jroup. 

When  melted  the  metal  is  somewhat  oxidized.  The  specific  gpravity  of 
uthenium  is  12.26.  The  adds,  including  nitro-hydrochloric  acid,  fail  to 
lissolve  it 

At  a  low  red  heat  the  metal  combines  with  chlorine  to  give  ruthenium 
lichloride,  RUCI9.    The  other  chlorides  known  are  RugCle  and  RUCI4. 

Besides  oxides  and  hydrates  of  the  same  constitution  as  those  yielded 
vy  rhodium,  ruthenium  also  forms  RuOg  and  RUO4.  By  fusing  the  finely- 
Livided  metal  with  potassium  hydrate  and  potassium  nitrate,  potassium 
utheniate,  KsRu04,  is  obtained.  It  dissolves  in  water  with  a  red-yellow 
:olor  ;  the  solution  blackens  the  skin.  Nitric  acid  throws  down  from  the 
irater  solution  a  black  precipitate  of  ruthenium  sesquihydrate,  Ru2(OH)0, 
^hich  dissolves  in  hydrochloric  acid  with  an  orange-red  color. 

A  brown  sulphide  is  known. 

These  compounds  are  only  of  scientific  interest 

PALLADIUM. 
SynUtolt  Pd.  Alamic  IVeighty  106.35.  Valence,  II  and  IV. 

In  1803  palladium  was  discovered  by  Wollaston  in  native  platinum. 
He  named  it  after  the  then  recently  discovered  planet  Pallas.  It  is  al- 
loyed with  platinum  in  almost  all  ores  in  which  the  last  metal  is  found. 
To  some  extent  it  occurs  in  the  pure  state,  in  the  form  of  small,  flattened 
grains,  which  are  mixed  with  the  Brazilian  platinum  ores. 

A  Brazilian  gold  ore  which  contains  from  5  to  10  per  cent,  of  palladium 
forms  its  chief  source.  In  its  appearance,  lustre,  hardness,  and  mallea- 
Wity  this  metal  is  very  similar  to  platinum.  It  is  the  most  fusible  of  the 
Platinum  metals.  Heated  in  air  it  becomes  superficially  oxidized,  but  at 
*  higher  temperature  regains  its  lustre. 

't  has  a  specific  gravity  of  11.4. 

Hot,  strong  mineral  acids  and  alkalies  attack  the  metal.  This  element 
°*s  an  affinity  for  hydrogen  that  has  characterized  it  above  all  others. 
'Palladium  hydride,  Pd^H,  which  contains  about  600  volumes  of  hydro- 
^^''i  is  the  product  of  the  union,  and  is  considered  to  be  an  alloy  of  the 
^*^»nents  whose  formation  takes  place  most  favorably  at  100°.  In  forming 
^'^^s  Compound  the  metal  is  said  to  occlude  the  gas.  Palladium  generally 
^^^^^^rs  in  commerce  in  foil.  It  is  used  to  some  extent  for  the  mountings 
^  physical  and  mathematical  instruments  and  in  dental  wares. 

^  the  chlorine  compounds  of  the  metal  only  palladious  chloride, 
'^^Cl^  is  known  in  the  isolated  state,  although  palladic  chloride,  PdCl4, 
"*^y  result  when  the  metal  is  dissolved  in  nitro-hydrochloric  acid.  When 
^***  solution  is  evaporated  chlorine  is  given  off,  and  brown-red  prisms, 
»**ving  the  composition  PdCla.2H20,  are  obtained.  The  aqueous  solu- 
"^  of  the  last  salt  serves  for  the  quantitative  separation  of  iodine  from 
Jv^Mnine  and  chlorine. 
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Palladious  Oxide^  PdO,  and  PcUladic  Oxide^  PdOg,  are  black  powders, 
difficultly  soluble  in  acids.  FtUladious  Hydrate^  Pd(OH)4,  and  Palladk 
Hydrate,  Pd(OH)4,  are  only  little  known.  The  metal  acts  bivalent  in  all 
its  stable  oxygen  salts. 

IRIDIUM. 
Symbol,  Ir.  Atomic  IVeight,  192.5.  Valence,  II  and  IV. 

Iridium  was  discovered  along  with  osmium  in  1804,  by  Smithson  Ten- 
nant,  in  the  ostniridium  left  in  the  working  of  platinum  ores.    On  account 
of  the  manifold  colors  which  the  solution  of  its  chloride  showed,  he  desig- 
nated it  by  its  present  name.     Besides  the  above  source  it  is  sometimes 
found  alloyed  with  platinum  alone.     Iridium  forms  in  the  compact  state 
a  pure  white,  steel-like,  lustrous,  brittle  metal    It  is  harder  and  less  fusi- 
ble than  platinum,  and  has  a  specific  gravity  of  22.4.    It  behaves  some- 
what like  palladium  when  heated  in  air  or  oxygen.    In  the  compact  state 
it  b  insoluble  in  all  acids.    Only  in  the  divided  state  is  it  soluble  in  nitro- 
hydrochloric  acid  to  give  iridium  tetrachloride,  IrCl4. 

Fusing  alkali  hydrates  convert  the  metal  into  sesquioxide. 

Chlorine  at  a  low  red  heat  gives  a  chloride  of  the  formula  Ir^Cl^,  but 
in  the  presence  of  sodium  chloride,  however,  iridium  tetrachloride,  IrCl^. 
From  the  solutions  of  its  salts,  zinc  and  iron  separate  black  metal. 

The  oxides  and  hydrates  of  iridium  have  the  following  formulas :  IrO, 
IrjOa,  IrOa,  Ir(OH)a,  Ira(OH)e,  and  Ir(OH)4.  They  are  all  recognized 
as  compounds  having  weak  properties  both  as  acids  and  bases.  Their 
salts  are  but  little  known.  Platinum  is  alloyed  with  iridium  to  increase 
its  resistance  to  chemicals.  It  is  used  to  tip  gold  pens,  which  are  thereby 
rendered  much  more  durable.  To  impart  a  black  color,  both  the  finely- 
divided  metal  and  the  sesquioxide  are  used  in  porcelain  decorations. 

OSMIUM. 
Symbol,  Os.  Atomic  Weight,  190.3.  Valence,  II  and  IV. 

Osmium  was  discovered  in  1804,  by  Smithson  Tennant,  along  with 
iridium,  in  the  osmiridium  or  insoluble  residue  left  upon  treatment  of  the 
platinum  ores  with  nitro-hydrochloric  acid. 

The  name  is  from  the  Greek  word  6<t//j^,  meaning  odor. 

The  metal,  when  finely  powdered,  emits  a  peculiar,  pungent,  iodine- 
like odor,  in  consequence  of  the  formation  of  osmic  anhydride,  OsO^.     . 

Osmium  is  the  heaviest  metal  known,  having  the  specific  gravity  of  22.47 

It  is  hard,  bluish-white,  and  volatile  at  the  temperature  of  melting  iridium 
It  has  never  been  melted.  The  metal  combines  with  chlorine  to  p\^ 
osmium  dichloride,  OsClg,  and  tetrachloride,  OSCI4.  Osmium  scsqui 
chloride,  OsgCle,  is  not  known  in  the  fi-ee  state. 

The  following  oxides  and  hydrates  are  known :  OsO,  OsjOa,  Os(^^^ 
OSO4,  Osa(OH)e,  and  Os(OH)4. 

Fuming  nitric  acid  and  nitro-hydrochloric  acid  convert  osmium  vrmza 
osmic  anhydride,  OSO4,  which  is  also  produced  by  melting  the  metal  «ritt 
potassium  nitrate.    Osmic  anhydride  forms  colorless,  glistening  needle^ 
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which  volatilize  without  decomposition.  The  vapors  emitted  by  this 
substance  are  irritating  to  the  eyes  and  suffocating.  It  is  soluble  in 
ivater,  giving  a  colorless,  neutral  solution,  which  has  a  caustic  taste  and 
the  peculiar  iodine-like  odor  of  the  anhydride. 

Osmic  anhydride  is  an  oxidizing  agent.  It  is  used  as  a  stain  in  histo- 
logical work. 

Osmic  acid,  H2C)s04,  is  not  known  in  the  free  state. 

When  alcohol  is  added  to  a  solution  of  the  anhydride  in  potassium 
hydrate  a  reddish  precipitate  of  potassium  osmate,  K2OSO4.2H9O,  is 
thrown  down.     • 

The  great  hardness  of  osmiridium  is  taken  advantage  of  for  cutting 
irlass,  as  also  for  the  manufacture  of  the  points  of  writing  pens. 


Owing  to  the  peculiar  tendency  of  the  carbon  a 
gale  together  in  groups  and  the  facility  with  which  the  satri 
hydrogen  of  "  hjdrocarbons."  as  the  combinations  of  the^ 
elements  are  called,  is  replaced,  the  number  of  carbon  c 
capable  of  formation  is  an  immen.'^  one.  Besides  the  1 
thousands  of  these  carbon  compounds  naturally  occurniJ 
number  artitidally  formed  has  grown  enormously  in  recent  I 
It  becomes  eminently  desirable,  therefore,  to  classify-  theri 
study  them  apart  from  the  compounds  of  the  other  elemen^ 

3.  Composition  and  Analysis  of  Organic  Compoi 
— Many  organic  compounds  contain  carbon  and  hydrogeaj 
and  are  known  as  "hydrocarbons."  The  other  elements] 
ai  times  as  constituents  of  organic  compounds  are  oxy^eJ 
nitrogen,  and  less  frequently  sulphur  and  phosphorus.  J 
halogens  and  other  elements  are  often  introduced  by  subsdl 
into  the  formulas  of  organic  bodies. 

The  analysb  of  the  carbon  compounds  may  be  either  ^ 
iive  or  quantitative,  and  both  of  these  methods  may  be  aa 
with  reference  to  the  ultimate  (or  elementary)  and  ihe^raxt 
composition  of  the  substance  analyzed.  j 

(a)  Quatitaiively,  carbon  is  shown  in  many  cases  b] 
charring  which  lakes  place  when  the  substance  is  heated] 
strip  of  platinum  foil.  In  case  the  material  is  volatile  \fj| 
decomposition,  it  is  mixed  with  easily  reducible  substances,! 
as  copper  oxide  or  chromate  of  lead,  placed  in  a  tube  sealj 
one  end,  and  heated,  when  the  carbon  is  oxidized  to  oi 
dioxide.  The  escaping  gas  may  be  conducted  throi^h  j 
water,  and  the  presence  of  carbon  will  be  indicated  by  thfl 
bidity  produced  in  this,  | 

The  same  mixture  of  the  suspected  organic  compound] 
oxide  of  copper  or  chromate  of  lead  when  heated  will  ( ' 
to  the  formation  of  water  if  hydrogen  is  present, 
dense  in  the  cooler  part  of  the  tube  or  may  be  received  tn  ft 
containing  calcium  chloride. 

The  nitrogen  in  many  Ofganic  compounds  is  indicated  fa 
decomposition  on  heating  with  evolution  of  the  odor  o ' 
fe.iihers.  Such  substances  heated  in  a  lube  dosed  ai 
with  sod.'t-lime  (a  mixture  of  caustic  soda  with  lime)  wi 
.immonui,  readily  recognizable  by  its  odor  or  by  the  t 
litmus  paper.  Some  nitn^enous  compounds  do  not  respc 
this  lest-  A  test  applicable,  however,  to  all  organic  nitrogd 
compounds  is  to  heat  the  substance  in  a  small  dry  ti 
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Jie  end  ,of  the  heating  it  may  be  broken  and  a  current  of 
ified  air  or  oxygen  passed  through,  or  a  tube  open  at  both 
3  is  taken.  In  the  latter  case  the  combustion  is  citrried  out 
n  banning  to  end  in  a  current  of  purified  oxygen.  The 
ification  of  the  oxygen  or  of  a  current  of  air  is  effected  in  the 
aratus  shown  in  the  cut  as  connected  with  the  rear  end  of  the 
ibustion  tube.  Oxygen  entering  through  the  tube  d  passes 
>ugfh  sulphuric  acid  in  a,  a  chloride  of  calcium  jar  at  b,  and 
tube  tilled  with  stick  potash  at  c  c,  and  then  through  the 
2  y  to  the  combustion  tube,  A  second  series  of  absorption 
wis  on  the  same  stand  serves  for  air.  The  water  produced 
the  oxidation  of  the  hydrogen  of  the  organic  substance  is 
gfht  in  a  weighed  tube  containing  fused  and  granulated  chlo- 
•  of  calcium,  and  the  carbon  dioxide  produced  by  the  oxi- 
oo  of  the  carbon  of  the  organic  substance  is  caught  in  a 
jrhed  bulb  apparatus  containing  strong  causdc  potash  solu- 
I.  Instead  of  the  older  form  of  pota.sh  bulbs  known  as  the 
big  bulbs  shown  in  Fig.  91,  the  apparatus  of  Geissler  shown 
'ig.  92  is  now  more  generally  used  because  of  the  convenience 
weighing.  One-ninth  of  the  increase 
r«^t  of  the  chloride  of  calcium  tube  ^"^  9*- 

resents  the  weight  of  the  hydrogen,  "^ 

le  three-elevenths  of  the  increase  of 
ght  of  the  potash  bulbs  represents 
we^t  of  the  carbon, 
f  the  oiganic  compound  is  nitro- 
lous,  a  spiral  of  metallic  copper  or 
'er  must  be  placed  in  the  front  end 
the  combustion  tube  and  kept  at  a 
T  red  heat  in  order  to  prevent  the 

ides  rf  nitrc^n  from  going  over  in  the  absorption  apparatus 
d  vitiating  the  results.  Oi^anic  compounds  containing  sul- 
iiir  must  be  bumed  with  chromate  of  lead,  which  will  oxidize 
e  sulphur  and  hold  it  as  sulphate  of  lead.  Halogens  present 
an  organic  compound  are  held  as  »lver  haloid  salts  by  the  use 
the  «lver  spiral  before  alluded  to. 

The  nitrogen  of  an  organic  compound  is  either  determined 
•solutdy  and  its  volume  measured,  or  it  is  converted  into  am- 
oiua  by  combustion  with  soda-lime  as  In  the  Will -Varren trap 
ethod.  or  by  heating  with  strong  sulphuric  acid  and  potassium 
^rmanganate  as  in  the  Kjeldahl  method.  In  the  determination 
f  Utn^D  by  volume  a  tube  closed  at  one  end  is  used,  and  in 
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the  farther  end  sodium  bicarbonate  or  magnesite  is  placed.  This 
is  first  heated  so  as  to  displace  all  the  air  of  the  tube  by  carbon 
dioxide,  and  then  the  substance  is  burned  with  copper  oxide,  a 
copper  spiral  being  used  of  course  in  the  front  end  of  the  tube 
to  decompose  oxides  of  nitrogen.     The  nitrogen  gas  is  collected 
over  strong  potash  solution,  which  absorbs  the  carbon  dioxide 
and  allows  of  the  measurement  of  the  volume  of  residual  nitro- 
gen.    In  the  soda-lime  process  the  substance  is  burned  in  a  tube 
closed  at  one  end,  somewhat  shorter  than  the  ordinary  combustion 
tube,  and  the  ammonia  produced  is  absorbed  in  pure  strong  hy- 
drochloric acid.     We  may  then  either  determine  the  ammonia 
here  caught  as  sal  ammoniac  by  the  use  of  platinic  chloride,  or,  if 
a  measured  amount  of  hydrochloric  acid  of  known  strength  was 
taken,  may  titrate  back  with  normal  alkali  solution  and  so  deter- 
mine the  ammonia  indirectly.     In  the  Kjeldahl  process  the  sub- 
stance is  heated  with  concentrated  sulphuric  acid  for  some  tim^ 
to  a  temperature  near  the  boiling  point  of  the  latter,  the  addition 
of  small  portions  of  powdered  potassium  permanganate  near  theen^ 
of  the  action  sufficing  to  complete  the  ammonia  formation.    Th.  ^ 
mixture  is  then  diluted  with  water,  supersaturated  with  causti^ 
soda,  and  the  ammonia  distilled  off  and  determined  volumetrically^ 

The  methods  for  the  determination  of  the  halogens,  sulphui — ' 
and  phosphorus  have  already  been  indicated  in  speaking  of  thei^ 
qualitative  detection. 

Oxygen  is  always  determined  by  difference,  as  no  reliable 
general  method  for  its  determination  exists. 

3.  Physical  Properties  of  Organic  Compounds.— Th^ 
physical  properties  are  just  as  important  points  for  observatioirr" 
in  the  case  of  organic  compounds  as  with  inorganic  substances^* 
only,  instead  of  crystalline  form,  hardness,  lustre,  color,  etc.,  th^ 
important  properties  for  consideration  in  this  connection  ar^ 
fusing  point,  boiling  point,  vapor-density,  and  in  some  cases  op — 
tical  properties. 

(a)  /uisi'ng  PoinL  — Most  organic  solids,  when  sufficiently  purc=r 
fuse  either  with  or  without  decomposition  at  a  constant  tempera^- 
ture.     To  determine  the  fusing  point,  a  small  quantity  of  tim.  ^ 
substance  carefully  dried  and  pulverized  is  placed  in  a  capillar— 3 
tube  sealed  at  one  end,  and  this  is  attached  by  a  rubber  band  ^o 
a  thennometer  in  such  a  way  that  the  capillary  tube  with  ttie 
substance  is  immediately  adjacent  to  the  bulb  of  the  thennometer. 
A  round-bottomed  flask  with  a  long  neck  is  then  taken,  and   in 
this  is  placed  concentrated  sulphuric  acid  or  paraffin  so  that  the 
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few  fixed  temperatures  corresponding  to  the  boiling  points  of  the 
components  of  the  original  mixture. 

The  process  of  fi-actional  distillation  is  much  facilitated  by  the 
use  of  distillation  bulbs  with  special  arrangements  for  condensa- 
tion in  the  vertical  neck  attached  to  the  bulb  or  flask,  such  as  the 
apparatus  of  Wurtz,  Linnemann,  and  Hempel.  These  accom- 
plish a  fractional  condensation  of  the  vapors  corresponding  to  tliat 
effected  in  the  column  apparatus  of  the  rectifier  or  tar  distiller. 

(c)  Vapor-density, — We  have  already  explained  the  relationship 
between  vapor-density  and  molecular  weight  and  the  principles 
upon  which  it  is  based  (see  page  121).     This  determination  has 
considerable  importance  in  the  study  of  organic  compounds,  as, 
for  reasons  to  be  explained  later,  ultimate  organic  analysis  does 
not  generally  enable  us  definitely  to  determine  molecular  weight 
and  molecular  formulas.     Hence  a  physical  determination  whicH 
can  go  so  far  towards  settling  the  question  of  chemical  composi- 
tion becomes  very  important. 

For  determination  of  vapor-density  we  can  ascertain  the  weigh* t 
of  a  definite  volume  of  the  vapor,  which  is  then  compared  wit-t^ 
the  weight  of  the  same  volume  of  air  under  similar  conditions  o^ 
temperature  and  pressure,  or  the  volume  occupied  by  the  vapor 
obtained  from  a  fixed  weight  of  the  substance,  or  thirdly,  thm  ^ 
volume  of  another  substance  like  mercury  or  air  displaced  by  tha^  ^ 
vapor  from  a  definite  weight  of  the  compound  under  investigatioi 

To  the  first  class  of  determinations  belongs  the  Dumas  vapo: 
density  method,  in  which  globes  of  heavy  glass  with  narrow( 
neck  are  used.     These  are  weighed  fiill  of  the  vapor  after  tl^ 
neck  has  been  sealed  by  fusion  of  the  capillary  portion,  and  th< 
opened  under  mercury  so  that  the  cubic  contents  of  the  glol 
can  be  accurately  determined  by  measuring  the  mercury  whic-^* 
fills  it.     The  method  is  now  rarely  used. 

To  the  second  class  of  determinations  belongs  the  Hofinan.^^ 
vapor-density  method.  In  this  case  we  have  a  tall  baromet^^^ 
tube  filled  with  mercury  and  dipping  into  a  mercury  troughs  - 
This  is  surrounded  by  a  wider  mantle-tube  through  which  tl»-^ 
vapor  of  water,  aniline,  or  other  higher-boiling  liquid  may  circus- ' 
late.  Before  the  vapor  is  made  to  pass  through  the  mantle,  th^-  * 
weighed  portion  of  the  substance  whose  vapor-density  is  require 
is  passed  up  into  the  barometer  tube.  Here,  as  the  tube  becom 
heated  by  the  vapor  surrounding  it,  the  substance  vaporizes  5n 
vac  no.  When  the  level  of  the  mercury  becomes  constant  in  iMdS 
ttilif,  it  is  read  off  and  the  volume  of  vapor  is  calculated.  j 
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To  the  third  class  of  determinations  beloi^  the  method  of 
Victor  Meyer,  which  is  at  the  present  time  in  most  general  use. 
The  apparatus  for  this  is  shown  in  Fig.  93.  The  vessel  in  which 
the  substance  is  to  be 

vaporized  is  shown  at  ^'°-  93- 

C     This  is  closed  by  a 
cork     perforated    and 
fitted  with  a  glass  tube 
in  which  the  litde  vessel 
ffith  substance  is  placed 
as  shown  at  p.      The 
liquid  in  the  manUe  at 
W  is  first   brought  to 
boiling,  and  when  air 
ceases  to  issue  through 
the  delivery  tube  at  E, 
the  eudiometer  tube  R 
is  placed    in    position 
over  the  end  of  the  de- 
livery tube  as  shown  in 
the  illustration.      The 
little    tube    containing 
the  substance  is  then 
caused  to  fell  by  bend- 
"^  the  wire  support  to 
We  side.      The  vapor 
•rf  the   organic   com- 
pound    displaces     an 
••"HHuit  of  air  corre- 
Swnding  to  its  volume 
*t  the  temperature  of 
tlie  experiment.     Not 
■nore  than  o.  i  gramme 
™    the    substance    is 
"eeded  for  this  method. 
^rom   the   results   of 
"lis  determination,  the  vapor-density  is  calculated  by  the  use  (rf 
3.760(1.0036650 
V.(B — a')o.ooi293' 
'tanda  fiDT  density,  S  for  weight  of  substance,  t  for  temperature, 
"  fcr  volume  of  air  displaced,  B  for  barometric  reading,  and  w 
**f  tenaon  of  the  vapor  of  water  at  the  temperature  of  the  obser- 


"le  foUowii^  formula : 


Victor  Meyer's  vRpot-di 


v-Jn— ...vrTST,;;;.    ■"  "Wch   D 
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vation.  Inasmuch  as  air  is  14.435  times  heavier  than  hydl 
the  value  D  must  be  muUiplied  by  14.435  to  obtain  vapor-d 
based  on  hydrogen,  and  by  28.87  *°  S'^^  ^^  molecular  we^ 
the  substance  used.  | 

{tf)  optical  Properties. — Many  organic  compounds  tia 
plane  of  polarization  of  light.  This  may  happen  with  the  J 
in  the  solid  state,  as  with  benzile,  C„H,oOa,  or  with  other* 
solid  as  well  as  when  in  solution,  as  with  str>-chnine  sulp 
but  most  generally  it  is  shown  in  liquids  only,  as  tartaric  aci 
the  sugars.  Some  liquids,  like  oil  of  turpentine,  also  shot 
their  vapors. 

In  many  cases  several  optically  active  modifications  e 
same  compound  exist.  Thus,  a  dextro-rotatory  and  a  Ijbvo 
tory  modification  can  be  obtained,  as  In  the  case  of  tartaric 
These  will  combine  to  form  an  inactive  \ariety  of  the  same 
pound.  Conversely,  the  inactive  variety  can  often  be  brokJ 
into  the  two  optically  opposed  varieties.  This  may  be  da 
several  ways.  Inactive  tartaric  (racemic)  acid  may  be  tran:da 
into  the  ordinary  active  variety  by  heating  to  170°  C,  or  tn 
of  the  inactive  acid  will  crystallize  out  as  a  mixture  of  tl^ 
opposing  varieties.  The  addition  of  certain  ferments  wjl 
cause  a  change  of  an  Inactive  variety  into  an  active  one.       j 

The  angle  of  rotation  of  the  plane  of  polarized  light  i 
case  of  an  optically  active  substance  is  proportional  to  the  | 
ness  of  the  layer  traversed.  It  is  also  dependent  upon  'CM\ 
length  of  i!he  light  used  for  Illumination  in  the  instrument.  | 
low  monochromatic  light  from  a  sodium  flame  is  generallyj 
It  is  also  somewhat  dependent  upon  temperature.  | 

When  the  specific  rotatory  power  of  a  substance  is  knovd 
can,  in  the  case  of  a  solution  containing  this  substance  ■ 
only  optically  active  ingredient,  determine  the  percent^ 
material  present  from  an  observation  of  the  angle  of  actual 
tion.  Thus,  in  the  ca.'^e  of  a  sample  of  diabetic  urine,  we; 
observed  an  actual  rotation  of  -^-1.5°.  Knowing  the  ^ 
rotatory  power  of  grape  sugar  to  be  52. 5°  we  make  the  calcn 
p  T=  ^S — 12  ^  2.8  per  cent,  giape  sugar.     In 

specific  gra\-ity  of  the  solution  is  much  over  1,  that 

be  used,  multiplying  it  into  the  denominator.     The  practlc 

of  the  polariscope  will  be  referred  to  ag^n  under  Sugars. 

An  explanation  of  the  optical  activity  of  organic  comp 
has  been  offered  in  recent  years  by  Lt  Bel  and  Van  t'Hofif. 
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is  that  optically  active  compounds  contain  one  or  more  asymme' 
trie  carbon  atoms,  that  is,  carbon  atoms  each  of  the  four  affinities 
of  which  are  joined  to  a  different  atom  or  group,  as  in  the  case 

CH3 

of  optically  active  amyl  alcohol,  H— <; — C3H7,  or  tartaric  add, 

OH 
HO  OH 

1  I 

tic CH         .      It  has  been  found  that  all  optically  ac- 

COOH       COOH 
ti\e  substances  contain  such  asymmetric  carbon  atoms,  but  the 
converse  is  not  invariably  true. 

4.  Isomerism  and  Structural  Formulas.— The  results  of 
an  ultimate  combustion  analysis  of  an  organic  compound  will 
^ve  us  nothing  more  than  the  ratio  of  the  atoms  composing  it 
Even  with  the  molecular  weight  obtained  by  means  of  a  vapor- 
density  determination,  we  can  give  only  what  is  called  an  empir- 
*ftf/  formula  ;  that  is,  one  which  expresses  the  number  of  the 
several  atoms  present  but  with  no  information  as  to  how  they  are 
joined  together.     We  find,  however,  that  there  are  numerous 
cases  where  several  bodies  may  exist  having  the  same  percentage 
com|>osition,  or  even  the  same  absolute  number  of  the  constitu- 
ent  atoms,  and  yet  be  quite  different  in  physical  properties. 
Thus,  CHgO,  formaldehyde,  CaH^Oa,  acetic  acid,  and  CgH^Og, 
■^ctic  acid,  will  have  the  same  percentage  composition  although 
^^  different  formulas.     Again,  pyrocatechin,  resorcin,  and  hydro- 
^^inone  all  have  the  formula  CeH^Oa  and  yet  are  quite  distinct  in 
'^^^g  points  as  well  as  in  chemical  reactions. 

Bodies  which  have  such  points  of  agreement  and  yet  are  dif- 
^^nt  are  said  to  be  isomeric. 

We  may  distinguish  four  distinct  cases  of  isomerism. 

(«)  When  the  isomeric  bodies  have  the  same  percentage  com- 

iHiation  but  a  different  molecular  weight.     Such  bodies  are  said 

be  polymeric.      Thus,  QH^,    ethylene  ;    CgHe,  propylene  ; 

iH„  butylene ;  CeHjo,  amylene,  are  polymeric,  the  unit  of 

^ricrement  being  CH^.     CHjO,  formaldehyde ;   QH^Oa,  acetic 

^cid;  CjHeOg,   lactic  acid;    CeHijOe,    grape  sugar,    are  also 

lH>lymeric. 

(*)  When  the  isomeric  bodies  have  the  same  molecular  weight 
v3bo*   Such  bodies  are  said  to  be  metameric^  as  their  difference 
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is  based  upon  a  different  arrangement  of  the  atoms  within 
molecule.  Thus,  trimethylamine  and  propylamine  have  eqi 
the  formula  CgH^N  ;  methyl  ether  and  ethyl  alcohol  have  ecff 
the  formula  C,H,0  ;  dextrose  and  levulose  have  equally  the 
mula  C„H„0,. 

(c)  A  third  case  of  isomerism  is  what  is  termed  ^Ayj£rti//J*j 
ism.  This  is  believed  to  be  due  to  a  different  geometrical  J 
lion  of  the  atoms  in  the  molecule,  as  explained  in  the  new  sta 
chemical  theories.  Thus,  funiaric  and  maleic  acids  are  consul 
to  differ  from  each  other  by  the  stereo -chemical  distinction 

CH— COOH  CH— C(^ 

pressed  in  the  formulas  ||  and  |{  | 

CH— COOH  COOH— CH.        | 

(d)  We  have  yet  the  case  of  isomerism  based  upon  c^ng 
the  method  of  linking  the  hydrogen  in  the  molecule,  j 
bodies  are  called  lautomeric.  Thus,  the  formula  of  hydfl 
cyanide  maybe  N=C — H  orC^N — H.  and  two  series  of  dfl 
lives  readily  changing  into  each  other  are  formed,  the  cya^ 
and  the  isocyanides,  according  as  one  or  the  other  mole) 
grouping  exists.  i 

Formulas  which  show  the  method  of  the  linking  of  thci 
slituent  atoms  are  called  rational  or  structura!  formulas.  1 
importance  in  organic  chemistry,  where  differences  in  compoi 
may  depend,  as  shown  above,  on  the  variations  in  the  meth^ 
linking  the  elements,  is  obvious.  I 

The  tetrad  character  of  the  carbon  element,  to  start  wij 


represented  thus : 


-i_. 


When  these  four  bonds  of  the  c 


are  satisfied  with  hydrogen  we  have  the  fundamental  hj 
H  I 


The  hydrogen  atoms  are  rt( 


replaceable  by  monad  atoms  and  groups,  and  the  substit) 
compounds  so  formed  will  be  represented  thus  :  i 


H— C-H. 


„-i- 


Several  carbon  atoms  may  be  joined  together  by  the 
one  or  more  bonds  furnished  by  each  of  the  carbon  atoms. 
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H    H 

II 

we  have  the  hydrocarbon  H — C — C — H,  ethane.     In  this  case 


H    H 

and  in  all  its  substitution  derivatives  the  use  of  the  structural 

formula  becomes  of  great  assistance  in  showing  the  nature  and 
relationship  of  the  molecule.     We  have  among  these  derivatives 

HH        HH        HH  HH 

Pl-C-C— CI,   CI— C— C— CI,   H— C— C— OH,   OH— C— C-OH. 

II  II         II  II 

HH        HH        HH  HH 

A  more  condensed  form  of  rational  formula  is  sometimes  em- 
ployed, as  CHa-CHaCl,  CHaCl.CHaCl,  CHa.CHaOH,  CHaOH.- 
CH^OH,  in  which  the  saturation  of  each  individual  carbon  atom 
is   shown  without  the  aid  of  the  graphic  formulas  showing  the 
bonds. 

H    H 

I  n  C=C,  ethylene,  we  have  indicated  a  double  linking  of  the 

I       I 
H    H 

H    H 

ca«-l:>on  atoms,  and  ii^   I       I    acetylene,   a  treble  linking.      The 

hydrogen  atoms  of  these  compounds  are  of  course  replaceable 
*^y  rnonad  atoms  or  groups,  as  in  the  case  of  hydrocarbons  with 
^he   single  linking. 

Still  more  important  becomes  the  structural  formula  in  the  case 
^f   the  benzene  derivatives  or  aromatic  compounds.     Here  the 

CH 

H(5    CH 
fiirKlamental   hydrocarbon  benzene  is  represented,         |      ||     , 

HC    CH 

CH 
^'^at  is,  six  carbon  atoms  alternately  singly  and  doubly  united,  so 
^hat  each  carbon  atom  sacrifices  three  bonds  in  the  linking  of  the 
'Molecule  and  has  one  free  for  combination  with  hydrogen  or  its 
Univalent  replacing  group. 

Such  a  method  of  linking  is  generally  known  as  the  *'  closed- 
^^in*'  structure,  in  distinction  from  the  "open-chain**  structure 
"tfore  shown  with  ethane  and  similar  hydrocarbons. 
5*  Radicals,  Residues,  and  Atomic  Groups. — The  residue 
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remaining  after  talcing  away  one  or  more  atoms  from  i 
compound  is  often  called  a  radical.  The  valence  of  this  j 
or  residue  depends  upon  the  number  of  hydrogen  atom^ 
must  be  added  to  nuke  a  saturated  compouad  of  iL  | 

The  relative  importance  of  these  radicals  in  the  study- 
game  compounds  is  so  great  that  at  one  time  organic  chel 
was  defined  as  the  "  chemistry  of  compound  radicals." 

Thus,  by  die  withdrawal  of  one  hydrogen  atom  from  t^ 
urated  hydrocarbon  methane,  CH^,  we  obtain  the  monad 
cal  methyl.  CH,  :  by  the  withdrawal  of  two  hydrogen  atd 
get  the  dyad  radical  methylene,  CH,  ;  by  the  withdrawal  o^ 
hydrogen  atoms  we  get  the  triad  radical  raethenyl,  CH.  Siifl 
from  ethane,  C,Hg,  we  get  the  monad  radical  ethyl.  Cgrf 
from  propane,  CgHg,  we  gpt  the  monad  radical  propyl. 
These  radicals  are  then  very  conveniently  wrillen  as  unitS| 
rational  formulas  of  organic  compounds,  asCHs-ClandCM 
known  as  methyl  chloride  and  methyl  alcohol  respectivi 
CgHa.Br  and  CCbHj),0,  known  as  ethyl  bromide  and  ethyl 
respectively. 

Many  of  the  inorganic  groups  or  radicals  are  made  use  q 
in  the  rational  formulas  of  organic  compounds,  as  (OI^ 
droxyl,  (NOj)'  the  nitro-group,  (NO/  the nitroso-group,  d 
the  amido-group.  (NH)"  the  imido-group,  i  N)'"  the  nitril-| 
( — N^=N — )"  the  azo-group,  and  iHSOj)'  the  sulphonicd 

Of  the  organic  radicals,  besides  methyl,  ethyl,  propy^| 
already  mentioned,  we  have  the  aldehyde  group  (CO.  Hj 
carboxyl  group  (COOH)',  the  ketone  group  (CO)",  and  t 
anogen  group  (CN )',  ] 

6.  Homologous  Series. — We  have  already  shown  the  gj 
formulas  of  methane  and  ethane.  CH,  and  C,H,.  By  cond 
the  linking  of  the  carbon  atoms  in  the  manner  there  sh<ri 
obtain  propane,  CjHg.  butane,  C^H^,  pentane.  CjHjj.  and] 
siderable  series  of  hydrocarbons.  It  will  be  noticed  that  n 
cessive  members  of  this  series  differ  by  the  constant  inci 
CH,.  Such  a  series  of  compounds  is  called  an  komologous\ 
Not  only  may  we  have  an  homologous  series  of  hydrod 
but  the  homology  may  extend  to  the  various  classes  a 
derivatives.  Thus,  we  have  the  homologous  series  of  clu 
CH,.CI,  C,H,C1,  C,H,C1,  C.H.Cl,  CjH„Cl.  and  the  hd 
gous  series  of  alcohols  CH,OH.  C,H,OH.  C,H,OH.  C«l 
CbH„OH. 

The  explanation  of  this  constant  increment  CHj 
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compounds.    Al!  of  these  hydrocarbons,  however,  both 
and  unsaturated,  are  open-chain  hydrocarbons.  ' 

2.  Halogen  Derivatives  of  the  Hydrocarbons. — Ic 
tained  from  the  saturated  hydrocarbons  they  are  substitri 
derivatives  exclusively  ;  if  formed  from  unsaturated  bydrocaiT 
they  may  be  addition  compounds  as  well,  1 

3.  Nitro-Derivatives. — These  contain  the  monad  grouplj 
replacing  H  of  the  hydrocarbon.  They  do  not  form  so  rai 
with  the  methane  series  of  hydrocarbons  as  with  benzene  aq 
homologues.  ( 

4.  Alcohols. — These  are  hydrates  of  the  hydrocarbon  i 
cals  and  play  the  part  of  weak  bases.  They  may  be  mj 
tomic.  diatomic,  etc.,  according  as  one,  two,  or  more  hyi 
gen  atoms  are  replaced  by  the  corresponding  number  of 
groups. 

5.  Ethers.^ — ^The  oxides  of  the  hydrocarbon  radicals, 
responding  to  the  metallic  oxides  of  inorganic  chemistry, 
termed  simple  ethers.  Two  different  hydrocarbon  rac 
may  be  united  by  one  oxygen  atom  and  so  constitute  a 
ether." 

6.  Thio-Ethers  and  Sulphonic  Compounds.— The  fiti 
these  classes  includes  the  sulphides  of  hydrocarbon  radicals^ 
second  contains  the  sulphonic  group  HSOg. 

7.  Aldehydes  and  Ketones, — These  classes  representi 
direct  oxidation  products  of  the  alcohols.  If  the  alcohol  i 
tain  the  group  CHj.OH,  that  is,  belongs  to  the  class  of  pri^ 
alcohols,  by  oxidation  it  will  yield  an  aldehyde  ;  if  the  alcohol 
the  other  hand,  contain  the  group  CH.OH,  that  is,  beloitf 
the  class  of  secondary  alcohols,  by  oxidation  it  will  yid 
ketone.  In  the  first  case,  the  group  CHj.OH  is  changed 
oxidadon  into  CO. H,  the  characteristic  aldehyde  group;  ig 
second  case,  the  group  CH.OH  is  changed  by  oxidation  iniol 
the  characteristic  ketone  group.  I 

8.  Acids, — When  the  oxidation  of  the  alcohols  orbasiq 
drates  is  carried  to  completion,  in  the  case  of  primary  alod 
(those  containing  the  CH,.OH  group)  the  aldehyde  is  cha^ 
into  the  corresponding  acid,  the  characteristic  group  of  wh8 
COOH.  Acids  are  monobasic,  dibasic,  etc.,  according  Xi 
number  of  such  groups  they  contain. 

g.  Esters. — These  are  sahs  containing  an  organic  radii 
base,  which  is  combined  with  either  an  inorganic  or  an  01 
acid. 
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xo.  Amines  and  Amides. — Both  these  classes  are  ammonia 
derivatives.  If  the  hydn^nen  atoms  of  the  ammonia  molecule  are 
replaced  by  a  basic  radical  we  have  an  amine,  if  by  an  add  radi- 
cal an  amide. 

zz.  Carbohydrates. — ^These  important  compounds,  known 
also  as  the  * '  sugar  and  starch  group, ' '  occupy  the  position  of  either 
aldehydes  or  ketones  of  hexatomic  alcohols,  and  are  treated  as  a 
separate  group  because  of  convenience  and  their  common  origin 
in  the  \'egetable  kingdom. 

Z2.  Derivatives  of  Carbonyl. — In  these  compounds  the 
fundamental  group  is  (CO)",  which  acts  as  an  add-forming 
radical 

Z3.  Derivatives  of  Cyanogen. — In  these  compounds  the 
fundamental  group  is  (CN)',  which  acts  in  general  like  the  halo- 
gen elements. 

Intermediate  between  the  open-chain  hydrocarbons  with  their 
derivatives  just  enumerated  and  the  dosed-chain  hydrocarbons 
of  the  benzene  series  (true  aromatic  compounds)  are  several 
groups. 

z.  Furfiiran  and  its  Derivatives. — Furfuran,  the  starting- 
point    of    these    compounds,     has     the    structural     formula 

CH=CHv 

I  ^O  and  shows  a  dosed  chain  with  four  carbon  atoms. 

ch=ch/ 

2.  Pyrrol    and  its   Derivatives. — Pyrrol,   the  underlying 

CH=CHv 
compound  in  this  case,  has  the  structural  formula  |  /NH, 

ch=ch/ 

and  also  shows  a  dosed  chain  with  four  carbon  atoms. 

3.  Thiophen  and  its   Derivatives. — Thiophen,   which  is 

found  as  an  accompaniment  of  benzene  in  coal-tar,  has  the  structu- 

CH=CHv 
ral  formula    I  ^S,    showing  a  dosed  chain  with  four 

ch=ch/ 

carbon  atoms. 

The  aromatic  compounds,  which,  as  said,  form  the  second  great 
class  of  organic  substances,  are  derived  from  what  are  termed 
dosed-chain  series  of  hydrocarbons.  Six  atoms  of  carbon  seem 
to  join  together  in  the  closed-chain  structure,  and  this  molecule 
holds  together  through  many  reactions.  We  may  also  dis- 
tinguish between  aromatic  comfX)unds  containing  one  nucleus 
and  those  containing  more  than  one  nudeus.  Under  the  former 
class  we  have, — 
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1.  Hydrocarbons. — These  may  be  saturated,  unsaturated,  or 
addition  hydrocarbons.     They  all  contain  the  benzene  nucleus, 

CH 

//\ 
HC      CH 

I        II     ,  however,  as  the  central  feature  of  the  molecule,  and 

HC      CH 

^/ 
CH 

its  hydrogen  atoms  may  be  replaced  by  hydrocarbon  radicals,  as 
CeHg.CHg. 

2.  Halogen  Derivatives. — ^The  halogen  derivatives  of  the 
benzene  hydrocarbons  may  be  of  two  kinds,  either  with  the 
halogen  replacing  hydrogen  of  the  nucleus,  as  CeH4Cl.CH3,  or 
hydrogen  of  the  side-group,  as  CeHg.CHjCl.  These  two  com- 
pounds are,  it  is  seen,  isomeric. 

3.  Sulphonic  Derivatives. — ^These  compounds  contain  the 
HSO3  group  replacing  hydrogen.  They  are  much  more  readily 
formed  in  the  aromatic  series  than  in  the  methane  series  and  are 
correspondingly  more  important. 

4.  Nitro-Derivatives. — Here  again  the  aromatic  hydrocar- 
bons are  much  more  readily  acted  upon  than  the  paraffin  series. 
The  action  of  strong  nitric  acid  easily  converts  the  hydrocarbons        1 
and  many  of  their  derivatives  into  the  corresponding  nitro-d^* 
rivatives  by  replacing  hydrogen  by  the  group  NOg. 

5.  Amido-Derivatives. — By  the  action  of  reducing  agents 
the  nitro-derivatives  are  changed  into  the  corresponding  ami<i^' 
derivatives,  the  NOg  group  being  changed  into  the  NH^  grovip- 
These  amido-derivatives,  again,  give  rise  to  new  compounds  ^^ 
the  replacement  of  the  hydrogen  atoms  of  the  NH^  group    ^^ 
basic  or  acid  radicals. 

6.  Diazo-  and  Azo-Compounds.  Hydrazines. — Both  tJ^^ 
diazo-  and  the  azo-compounds  contain  the  dyad  group  — N==N' — ^^' 
In  the  fonner  this  group  is  combined  on  the  one  side  only  witJ*  ^ 
hydrocarbon  radical,  and  in  the  latter  on  both  sides  with  hyd^^^^ 
carbon  radicals.  The  aromatic  hydrazines  are  substitution  deri  v'^' 
tives  of  hydrazine,  NH^ — NH^. 

7.  Phenols  and  their  Derivatives.    Quinones. — The  l^y 
droxyl  derivatives  obtained  by  replacing  by  OH  the  hydrogen  ^^ 
the  benzene  nucleus  of  aromatic  hydrocarbons  are  termed  phenols- 
They  act  like  weak  acids.     We  may  have  monatomic,  diatonai^^* 
and  other  phenols  according  to  the  number  of  OH  groups  so 
introduced. 
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The  quinones  are  compounds  in  which  two  hydrogen  atoms  of 
•the  benzene  nucleus  are  replaced  by  a  dyad  group  COj). 

8.  Aromatic  Alcohols,  Aldehydes,  and  Ketones. — The 
aromatic  alcohok  are  isomeric  with  the  phenols,  but  contain  the 
OH  in  the  side-group,  so  that  they  contain  the  group  CHgOH, 
and  hence  are  primary  alcohols.  The  aromatic  aldehydes  are  the 
products  of  oxidation  of  these  alcohols. 

The  aromatic  ketones,  like  the  ketones  of  the  methane  series, 
contain  the  dyad  group  (CO)"  linking  together  two  hydrocarbon 
radicals,  of  which  at  least  one  contains  the  benzene  nucleus. 

9.  Phenol  Alcohols  and  Phenol  Aldehydes. — When  both 
hydrogen  of  the  benzene  nucleus  and  hydrogen  of  the  side-group 
are  replaced  by  OH  groups,  we  have  a  phenol  alcohol,  and  this 
by  oxidation  of  the  side-group  yields  a  phenol  aldehyde. 

10.  Aromatic  Acids  and  Phenol  Acids. — The  product  of 
the  full  oxidation  of  the  aromatic  alcohol  is  the  aromatic  acid.  It 
contains  the  benzene  nucleus  joined  with  one  or  more  COOH 
groups.  If  the  benzene  nucleus  contain  an  OH  group  direcdy 
attached  in  addition,  we  have  the  phenol  acid. 

Under  the  head  of  aromatic  compounds  containing  more  than 
one  nucleus  we  have  several  distinct  cases  to  note. 

1.  Compounds  with  Several  Uncondensed  Nuclei. — 
We  have  here  included  the  diphenyl  group,  the  diphenyl- 
methane  and  triphenyl-methane  groups,  and  the  indigo  group. 

2.  Compounds  with  Two  Condensed  Nuclei. — ^This  in- 
eludes  naphthalene  and  its  derivatives. 

3.  Compounds  with  Three  Condensed  Nuclei. — This 
includes  anthracene,  phenanthrene,  and  their  derivatives. 

4.  Compounds  containing  Nitrogen  in  the  Nucleus. — 
This  includes  pyridine,  quinoline,  and  acridine,  the  first  of  which 
corresponds  to  benzene,  the  second  to  naphthalene,  and  the 
third  to  anthracene,  with  one  CH  group  of  the  nucleus  replaced 
by  nitrogen. 

The  pharmaceutically  and  medicinally  important  classes  of 
alkaloids  and  ptomaines  follow  next.  While  these  compounds 
have  not  as  yet  been  sufficiently  studied  to  enable  us  to  clas- 
sify them  in  all  respects,  they  appear  to  be  in  large  part  com- 
plex derivatives  of  the  bases  pyridine  and  quinoline  just  referred 
to. 

The  classes  of  terpenes  and  camphors  are  also  important  as 
present  in  the  many  naturally  occurring  essential  oils.  With 
these  are  also  to  be  considered  their  products  of  oxidation,  the 
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resins.     Of  these  several  groups  are  noted,  such  as  oleo-resia 
gum-resins,  balsams,  and  hard  resins. 

The  important  class  of  glucosides  are  also  considered  as  su] 
plementary  to  the  regularly  classified  compounds  because  of 
variety  of  their  composition,  as  shown  by  the  decompositi< 
products.     With  them  are  also  noted  a  number  of  technicaLl 
important  dye  woods  and  other  vegetable  principles. 

Lasdy,  ih^  protein  substances  are  to  be  considered.     We  n^^ 
in  this  connection, — 

1.  The  classification  of  cell-forming  substances. 

2.  The  decomposition  of  proteid  matter. 

3.  Ferments  and  enzymes. 


CHAPTER  IL 


OPBN-CHAIN  OR  ALIPHATIC  HYDROCARBONS. 

L    The  Saturated  Hydrocarbons,  or  Paraffin  Series. 

X.  Composition,  Nomenclature,  and  Molecular  Consti- 
tution.— We  have  shown  that,  while  the  single  atom  of  tetrad 
carbon  can  take  up  four  atoms  of  hydrogen  to  form  CH^,  two 
atoms  of  carbon,  when  linked  together  in  the  same  molecule,  can 
take  up  but  six  atoms  of  hydrogen,  and  three  carbon  atoms  eight 
atoms  of  hydrogen.  This  is  shown  in  the  graphic  formulas 
H  H   H  H  H  H 

H-C— H,  H— C— C— H,  H— C— C— C— H. 

I  1    1  1  J_   1 


H 


H    H 


H  H   H 


We  have  stated  under  the  heading  of  **  Homologous  Series** 
that  the  difference  between  any  two  members  of  such  a  series  is 
uniformly  CH^.  We  are,  therefore,  able  to  give  a  general  formula 
for  the  entire  series,  by  means  of  which  the  formula  of  any  indi- 
vidual hydrocarbon  in  the  series  can  be  deduced.  This  general 
formula  is  CoHan  4-  2  >  ^^^^  is,  for  a  given  number  of  carbon 
atoms  there  will  be  needed  for  saturation  twice  as  many  hydro- 
gen atoms  plus  two.  More  than  that  number,  it  is  seen  from  the 
graphic  formulas,  cannot  be  attached. 

The  first  three  hydrocarbons  of  this  series,  CH4,  C^Hg,  CgHg, 
can  only  be  written  structurally  as  represented  above.  The  next 
one,  however,  C^H^q^  may  be  written  in  either  one  of  two  ways, — 


H    H    H    H 
H— C— C— C— C— H 


or 


H 

H— C— H 
H     I     H 

H— C— C— C— H 


,  or  more  compactly 


I      I      I 
H    H    H 


CH,  ^ 
CH. 


C. 


CH,.CH,.CH,.CH,  and  q^' 

In  fact,  these  different  graphic  formulas  represent  two  distinct 
compounds,  one  boiling  at  +1**  C.  and  the  other  at  — 17®  C, 
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and  known  respectively  as  normal  butane  and  Uo-butane.  w| 

are  isomeric  with  each  other.     In  the  case  of  C,H„.  Uiree  j 

meric  compounds  are  possible  and  have  been  prepared,  and  1 

C,H,4  five  isomers  are  possible  and  are  known.                            j 

The  hydrocarbons  of  this  series  have  been  prepared  as  6^ 

CgjHyg.     Thoy  are  named  by  Caking  the  names  first  applied 

^^^^^^^^^^^^^^^H                             the  radicals  in  the  case  of  the  first  four  members  of  the  series,! 

after  that  the  Greek  numerals,  and  applying  the  uniform  termi 

tion  ane.     A  table  of  the  hydrocarbons  of  the  paraffin  ses 

with  melting  and  boiling  points,  is  attached. 

SATURATED  HYDROCARBONS— C„Hfc4«.              j 

Farmuti. 

Name. 

Melting  Paint. 

BoninEFa 

Cotti. 

, 

— ise- 

-,64' 

Ethane    .!!!!!.!!! 

c.'h;; 

C.h'o. 

Propane 

Normal  Butane 

+!• 

Iso-Butane 

-17° 

C,H„. 

Normal  Pentane 

Iso-Pentane 

+37" 

Tertiary  Pentane 

—  »" 

■«: 

C.H,.. 

69 

rfHl 

195 

c,h;. 

3i 

Decane  .......... 

C,,H~. 

Undecane 

C„H». 

— la' 
— 6= 

a34° 

Tridecane  '.'.'.'.'.'.'.'.'. 

c'^nt 

Tetradecane 

+5° 

>S' 

c,;h^. 

Pentadecane 

W 

,7o» 

c.h" 

Hexadecane 

jS" 

«7" 

C„Ha,, 

Heptadecane 

aj" 

303' 

CiflHsa. 

Octadecane 

aS" 

317° 

C„H«o. 

Nonadecane 

3^° 

330" 

CodH„. 

^^ 

"? 

c^H^: 

Heneicosane 

^- 

334= 
343° 

Tetracosane 

S"" 

C„H„. 

Hepiacosane 

60= 

J70- 

C9iH„. 

Hentriacontane    ...... 

68= 

3»2° 

q;h„. 

Dotriacontane 

TO- 

3-0' 

C«H„. 

Pentalriatonlane 

TS' 

331° 

2.  Occurrence,  Preparation,  and  Description  of  the  Bl 

Important. — The  hydrocarbons  of  the  paraffin  series  occur  al 

dantly,  ready  formed  in  nature,  in  various  crude  petroleums. 
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lower  members  of  the  series,  which  are  gaseous  at  ordinary  tem- 
peratures, also  occur  as  natural  gas,  which  escapes  from  the  earth 
in  many  localities ;  the  middle  members  of  the  series  make  up 
the  bulk  of  the  petroleums,  and  hold  dissolved,  when  first  taken 
firom  the  earth,  both  the  gases  and  the  higher  members  of  the 
series,  which  are  solids.  These  latter  may  occur  by  themselves 
also  as  ozokerite,  or  natural  paraffine. 

These  hydrocarbons  are  also  formed  in  the  dry  distillation  of 
many  naturally-occurring  substances,  such  as  bituminous  coal, 
shales,  wood,  and  from  fish  oils  when  distilled  under  strong 
pressure. 

The  first  of  the  series,  methane,  is  also  found  abundantly  in  na- 
ture as  a  product  of  decomposition,  and  owes  its  common  name, 
**  marsh  gas,*'  to  such  occurrence.  Mixed  with  small  quantities 
of  carbon  dioxide  and  nitrogen,  it  is  formed  whenever  vegetable 
matter  decomposes  in  the  presence  o(  water,  as  in  the  bottom  of 
marshes  and  springs.  Its  formation  here  is  due  to  the  slow 
decomposition  of  the  woody  fibre  under  the  special  conditions 
of  moisture,  and  probably  the  presence  of  micro-organisms,  as 
it  is  known  that  cellulose  may  undergo  a  fermentative  decompo- 
sition in  their  presence,  with  carbon  dioxide  and  methane  as  sole 
products,  according  to  the  reaction  :  CeHjoO^  +  HjO  ==  3COj  + 

3CH,. 

Methane  also  forms  by  the  slow  decomposition  and  change  of 
bituminous  coal,  and  hence  is  present  in  abundance  in  the  gal- 
leries of  coal-mines  which  are  not  properly  ventilated.  When 
mixed  with  air  it  constitutes  the  dangerous  and  explosive  mixt- 
ure known  as  **  fire-damp.  *  *  Under  the  name  of  *' light  car- 
buretted  hydrogen**  it  is  known  also  in  the  distillation  products 
of  these  coals.  Thus,  coal  gas,  as  manufactured  for  illuminating 
purposes,  contains  from  30  to  40  per  cent,  of  methane  ;  ' '  water 
gas,  *  *  made  by  the  action  of  steam  on  incandescent  carbon,  con- 
tains from  6  to  12  per  cent. ;  while  natural  gas,  now  used  in  large 
quantities  for  fuel  purposes,  contains  from  90  to  95  per  cent,  of 
methane. 

Methane  may  be  artificially  formed  by  a  variety  of  methods : 

Thus,  carbon  monoxide  and  hydrogen  may  be  made  to  unite 
under  the  influence  of  electricity  :  CO  +  3H2  =  CH4  +  H^O. 

Or  a  mixture  of  carbon  disulphide  vapor  and  hydrogen  sul- 
phide passed  over  ignited  copper  will  react :  CS^  +  zH^S  + 
8Cu  =  CH4  -f  4CU2S.  It  is  generally  formed  (although  some- 
what contaminated  with  ethylene  and  hydrogen)  by  the  heating 
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of  anhydrous  sodium  acetate  and  soda-lime,  according  to  the  r* 

action  CHgCOONa  +  HONa  =  CH^  +  CO  |  q^^,  methane  ai 

sodium  carbonate  being  in  theory  the  sole  products.  Chemi< 
pure  methane  is  obtained  by  the  reduction  of  methyl  iodide,  CH^  J 
in  alcoholic  solution  with  copper-coated  zinc  (Gladstone  SLMnd 
Tribe  copper-zinc  couple). 

Methane  is  a  colorless  and  odorless  gas,  condensable  to  a  liqix?</ 
under  a  pressure  of  180  atmospheres  at  — ii**  C.      It  boils  at 
— 164°  and  solidifies  at — 186°,     It  burns  with  a  pale,  faintly  lum/- 
minous  flame,  and  forms  an  explosive  mixture  with  air. 

Ethane  is  found  in  crude  petroleum  and  in  natural  gas,  and 
may  be  formed  artificially  by  the  action  of  zinc  or  sodium  upon 
methyl  iodide,  as  follows  : 

CHajI    +    Naj    -    ^^^^    ^    ^y^ 

It  is  a  colorless  and  odorless  gas,  which  can  be  liquefied  at  +4** 
by  a  pressure  of  46  atmospheres.     It  burns  with  a  pale  flame. 

Propayie,  normal  butanCy  and  normal  hexane^  all  occur  in  cnide 
petroleum,  the  latter  two  especially  being  present  in  gasoline  and 
similar  light  fractions.  Normal  heptane,  in  addition  to  being 
present  in  petroleum,  occurs  in  the  oil  from  the  Pinus  sabinianay 
or  nut-pine,  of  California,  and  under  the  special  name  of  "abie- 
tene*  *   is  used  as  a  cleansing  and  solvent  benzine. 

The  hydrocarbons  fi*om  C^eHg^  on  are  solid  at  ordinary  tem- 
peratures, and  make  up  the  bulk  of  the  products  known  2& petro- 
latum, A  mixture  of  these  hydrocarbons  of  still  higher  fusing 
point  constitutes  the  commercial  product  known  as  paraffiru. 

The  name  paraffin  (from  parum  ajffinis),  first  applied  to  the 
solid  products  as  obtained  from  bituminous  coals,  has  been  ap- 
ph'ed  to  the  whole  series  of  hydrocarbons  to  indicate  the  stable 
character  of  these  compounds.  They  are  incapable  of  combining 
with  halogens  or  taking  up  any  additional  hydrogen,  are  not 
affected  by  any  of  the  strong  acids  in  the  cold,  and  only  slightly 
when  heated,  and  are  not  easily  oxidized  by  chromic  acid  or  po- 
tassium permanganate. 

3.  Pharmaceutically  Important  Products. — The  first  of 
these  is  Benzinum,  U.  S.  P.,  and  is  stated  to  be  **a  purified 
distillate  from  American  pretroleum  consisting  of  hydrocarbons, 
chiefly  of  the  marsh -gas  series  (CgH^,  CgHj^),  and  homologous 
coni|)ouiids.**     It  is  a  transparent,  colorless  liquid,  of  ncutrd 
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reaction,  evaporating  without  residue  and  leaving  no  odor,  of 
sp.  gr.  0.670  to  0.675  at  15**,  and  boiling  at  50**  to  60°  C.  It  is 
used  as  a  solvent  for  &ts,  resins,  rubber,  and  some  of  the  alka- 
loids. 

Petrolatum  Liquiduxn,  U.  S.  P.,  is  stated  to  be  ''a  mixture 
of  hydrocarbons,  chiefly  of  the  marsh-gas  series,  obtained  by  dis- 
tilling off  the  lighter  and  more  volatile  portions  from  petroleum, 
and  purifying  the  residue  when  it  has  the  desired  consistence. '  * 

Petrolatum  Molle,  U.  S.  P.,  and  Petrolatum  Spissum, 
U.  S.  P.,  are  both  stated  to  be  **  mixtures  of  hydrocarbons,  chiefly 
of  the  marsh-gas  series,  obtained  by  distilling  off  the  lighter  and 
more  volatile  portions  from  petroleum,  and  purifying  the  residue 
when  it  has  the  desired  melting  point."  They  are  manufactured 
on  the  large  scale  under  the  trade  names  of  vaseline,  cosmoline, 
etc.,  by  the  flltration  of  oil  residuums  through  heated  bone-black. 

The  liquid  petrolatum  b  a  colorless  or  more  or  less  yellowish, 
oily,  transparent  liquid,  without  odor  or  taste.  It  has  a  sp.  gr. 
of  0.875  to  0.945  ^^  ^5^  C.  ;  the  soft  petrolatum,  on  the  other 
hand,  is  a  &t-like  mass  of  about  the  consistence  of  an  ointment, 
varying  from  white  to  yellowish  or  yellow,  more  or  less  fluores- 
cent when  yellow,  especially  after  being  melted,  completely  amor- 
phous, and  without  odor  or  taste  ;  and  the  hard  petrolatum  is  a 
£at-like  mass  of  about  the  consistency  of  a  cerate,  and  in  color  like 
the  softer  variety.  The  melting  point  of  the  soft  petrolatum  is 
from  40°  to  45°  C. ,  and  of  the  hard  variety  from  45°  to  5 1  °  C.  All 
these  varieties  are  insoluble  in  water,  scarcely  soluble  in  cold  or 
hot  alcohol,  or  in  cold  absolute  alcohol,  but  soluble  in  boiling 
absolute  alcohol,  and  readily  soluble  in  ether,  chloroform,  carbon 
disulphide,  oil  of  turpentine,  benzine,  benzene,  and  fixed  or  vola- 
tile oib. 

Paraffinum  Durum,  B.  P.,  is  the  solid  commercial  paraffine 
or  paraffine  wax,  as  it  is  often  called.  This  is  a  white,  waxy,  in- 
odorous, tasteless  substance,  of  sp.  gr.  0.877,  nielting  (according 
to  its  source,  whether  from  petroleum,  coal,  or  ozokerite)  between 
43*^  and  65°  C. 

4.  Technically  Important  Products. — The  most  important 
industry  based  upon  the  utilization  of  the  hydrocarbons  of  this 
series  is  the  refining  of  petroleum,  which,  as  before  stated,  is  a 
naturally  occurring  hydrocarbon  mixture.  In  the  United  States 
the  most  important  deposits  of  petroleum  are  those  of  Western 
Pennsylvania.  These  oil-fields  extend  into  New  York  State  and 
into  Western  Virginia  and  Ohio.     In  the  latter  State  (as  well  as  in 
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the  province  of  Ontario,  Canada)  occurs  also  a  petroleum  deposit 
of  somewhat  different  character,  viz.,  a  sulphur-containing  oil, 
which  presents  greater  difficulties  in  refining.  Petroleum  is  also 
found  in  Kentucky,  Colorado,  and  California,  but  of  a  heavier 
and  thicker  kind.  The  most  important  foreign  production  is 
that  of  Baku,  on  the  Caspian  Sea,  where  enormous  quantities  of 
petroleum  are  obtained.  Chemically  it  differs,  however,  fj-om  the 
Pennsylvania  oil  in  containing  a  distinct  series  of  hydrocarbons, 
the  so-called  '  *  naphthenes' '  (see  Aromatic  Hydrocarbons). 

The  refining  of  petroleum  consists  first  in  submitting  it  to  a  frac- 
tional distillation,  the  products  of  which  are  benzine,  naphtha, 
burning  oils,  and  residuum.  The  latter  is  then  distilled  at  a 
higher  temperature  in  separate  stills,  and  yields  paraffin  oils  and  a 
coke  or  petroleum  pitch.  All  the  fractions  require  a  treatment 
with  sulphuric  acid,  followed  by  washing  and  treatment  with  alkali 
to  remove  impurities  and  products  of  destructive  distillation,  which 
impair  their  color  and  burning  qualities.  The  paraffine  oils  are 
then  chilled  by  artificial  means  and  paraffine  scale  separated  out 
from  the  heavy  oils,  which  then  are  known  as  lubricating  oils. 
The  paraffine  scale  when  purified  by  melting,  pressing,  and  filtra- 
tion yields  the  white  paraffine  wax. 

The  most  important  test  to  be  applied  to  a  burning  oil  is  the 
*  *  fire  test,  *  *  which  determines  the  temperature  to  which  it  may 
be  heated  without  liberating  vapors  which  mixing  with  air  may 
produce  an  explosive  mixture.  The  lowest  legal  test  in  any  of 
the  States  is  110°  F.,  and  in  many  it  is  placed  at  150**  F. 

II.    The  Unsaturated  Hydrocarbons  of  the  Olefins 

Series. 

Associated  with  the  paraffin  series  or  saturated  hydrocarbon^ 
in  petroleum,  and  capable  of  being  formed  in  most  cases  of  de- 
structive distillation,  is  a  series  of  hydrocarbons  each  member  o» 
which  contains  two  hydrogen  atoms  less  than  the  correspondingT 
member  of  the  saturated  series.  They  possess  the  general 
formula  CttH^n. 

The  first  member  of  the  series,  CHg,  is  apparently  incapable  01 
existing  in  the  free  state,  although  derivatives  of  it  are  known- 
The  second  hydrocarbon,  CgH^,  known  as  ethylene,  the  thirdt 
C3H3,  known  as  propylene,  and  the  succeeding  ones  as  high  a^ 
C30H30,  are,  however,  obtainable.  The  explanation  generally 
accepted  by  chemists  for  their  molecular  structure  is  that  in  them 
two  carbon  atoms  are  temporarily  doubly  linked,  but  that,  ^ 
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ant**  (or  oil-forming)  gas.  It  combines  with  two  atoms  of 
hydrogen  in  the  presence  of  spongy  platinum  to  'form  ethane, 

Propylene  and  the  several  isomeric  butylenes  have  been  prepared 

CH3V  /^^«\ 

Of  the  amyleneSy  one  (trimethyl-ethylene,  \C=Cv        I 

has  been  introduced  into  medicine  as  an  anaesthetic  under  the  name 
of  *  *  pental.  *  *  It  is  formed  from  tertiary  amyl  alcohol  (amylene 
hydrate)  by  the  action  of  dehydrating  agents.  It  is  a  color- 
less, mobile,  very  volatile,  and  inflammable  liquid,  boiling  at 
37°-38°  C.  It  is  insoluble  in  water,  but  miscible  in  all  propor- 
tions in  chloroform,  ether,  and  90  per  cent.  alcohoL 

III.    The  Unsaturated  Hydrocarbons  of  the  Acety- 
lene Series. 

A  third  series  of  hydrocarbons,  containing  two  hydrogen  atoms 
less  than  the  corresponding  members  of  the  olefine  series  and  four 
less  than  the  members  of  the  paraffin  series,  is  known  under  the 
name  of  the  acetylene  series.  They  have,  therefore,  the  general 
formula  C„Hj„«a. 

To  explain  their  unsaturated  character  and  their  ability  to  take 
up  four  atoms  of  halogen  or  other  atom  or  group,  we  assume  the 

C— H  or  CH=CH 
following  structural  formula  for  acetylene,     i|i 

C— H 
C-H 


and  for  the  second  member,  allylene,  |  or  CH=C— CHr 

H-C— H 

I 

H 
The  first  five  members  of  this  series  are 

Acetylene,  CgHj,  Valerylene  or  Pentine,  CjH* 

Allylene,  C3H4,  Hexine,  Cfivr 

Crotonylene  or  Butine,  C^^, 
They  are  produced  in  the  destructive  distillation  of  many 
organic  compounds,  such  as  wood  and  bituminous  coal.  Acety- 
lene, the  first  member  of  the  series,  is  produced  in  a  variety  01 
additional  ways.  Thus,  when  methane,  ethane,  ethylene,  alco- 
hol, ether,  and  aldehyde  are  led  through  tubes  heated  to  redness, 
acetylene  is  produced  with  separation  of  hydrogen  and  other  piw* 
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ucts.  The  incomplete  combustion  of  many  carbon  compounds 
also  causes  the  formation  of  acetylene,  as  in  the  case  of  defective 
gas-burners  and  in  the  use  of  gas-stoves.  The  most  important 
reaction  for  its  production,  and  at  the  same  time  the  simplest,  is 
the  passage  of  the  electric  spark  between  carbon  points  in  an 
atmosphere  of  hydrogen.  We  have  here  one  of  the  simplest  of 
organic  syntheses,  and  from  the  acetylene  so  formed  many  other 
complex  organic  compounds  can  be  built  up. 

Acetyle7u  is  a  colorless  gas  with  a  peculiar  penetrating  odor, 
recognizable  in  cases  of  defective  combustion  with  gas-burners. 
It  bums  with  a  luminous  and  smoky  flame.  Is  soluble  in  water 
and  alcohol.  It  is  poisonous,  combining  with  the  haemoglobin 
of  the  blood.  It  forms  explosive  compounds  with  potassium, 
sodium,  silver,  and  copper,  in  which  one  or  both  hydrogen  atoms 
are  replaced  by  metal.  It  b  capable  of  uniting  with  hydrogen 
when  a  mixture  of  the  two  is  passed  over  heated  platinum  black, 
four  atoms  being  taken  up  and  ethane  being  formed. 

IV.     Unsaturated  Hydrocarbons  of  the  Series  QH^^. 

AND  C«H^-^. 

In  the  distillation  products  of  cannel  coal,  as  well  as  in  bone  oil 
(Dippers  oil),  are  contained  hydrocarbons  of  the  series  CnH^n^^. 
These  are  unsaturated,  and  take  up  six  atoms  of  bromine  by  addi- 
tion to  form  saturated  compounds  They  precipitate  ammoniacal 
silver  and  copper  solutions  like  acetylene. 

Two  hydrocarbons  of  this  character  have  been  described,  valy- 
ienCy  C5H3,  and  diaiiyiene,  C^Hg. 

The  terpenes,  CjoH^^,  which  would  answer  to  the  general  for- 
mula CnHja.^,  do  not  belong  here,  as  they  seem  to  be  addi- 
tion products  of  the  aromatic  compounds.  They  will,  therefore, 
be  considered  after  the  discussion  of  these  latter. 

The  only  well-defined  representative  of  the  series  CnHj^^  is 
dipropargyly  C^H^.  This  compound,  isomeric  with  the  aromatic 
hydrocarbon  benzene,  is  an  unsaturated  open-chain  hydrocarbon, 
as  is  shown  by  the  readiness  with  which  it  adds  on  bromine  and 
precipitates  ammoniacal  silver  and  copper  salts. 


CHAPTER    IIL 

DERIVATIVES  OF  THE  OPEN-CHAIN  HYDROCARBONS. 

I.     Halogen  Derivatives. 

I.  Substitution  Derivatives  of  the  Paraffin  Series.- 
Chlorine  and  bromine  are  capable  of  acting  direcdy  upon  the  hy- 
drocarbons, replacing  hydrogen.  This  action  is  fecilitated  by 
the  presence  of  sunlight  or  substances  which  act  as  the  "car- 
riers'* of  the  chlorine  and  bromine,  such  as  iodine,  ferric  chloride, 
or  antimony  chloride.  Iodine  does  not  act  direcdy  upon  the 
hydrocarbons,  so  that  the  iodides  are  generally  obtained  by  the 
action  of  HI  upon  the  several  alcohols  (see  under  Alcohols.) 

TABULAR  VIEW  OF  THE  HALOID  DERIVATIVES  OF  THE 

PARAFFINS. 

Mono- Derivatives  :  Boiling  Point- 

Monochlor-niethane,  or  Methyl  chloride,  CH3CI — 22**  C- 

Methyl  bromide,  CHgBr -f  4° 

Methyl  iodide,  CHjI 44° 

Monochlor-ethane,  or  Ethyl  chloride,  CgHsCl 12® 

Ethyl  bromide,  CaHaBr 39*' 

Ethyl  iodide,  CaHftl 72* 

Propyl  iodide,  Isopropyl  iodide,  C8H7I 102** 

Four  isomeric  varieties  of  Butyl  iodide,  C4H9I. 

Iso-amyl  chloride,  CgHuCl ^  .  loi* 

Hexyl  chloride,  CeHiaCl 126* 

Di- Derivatives  : 

Dichlor-methane,  or  Methylene  chloride,  CHgCla 42* 

Methylene  bromide,  CHgBrg 8i* 

Methylene  iodide,  CHgIg       i8o^ 

Ethylene  chloride,     \  ^  tt  r^i  ^* 

Ethylidene  chloride,  /  ^"«^*a 57^ 

Tri- Derivatives  : 

Trichlor-methane,  or  Chloroform,  CHClg 61^ 

Bromoform,  CHBra iSi** 

Melting  P»»«"^ 
Iodoform,  CHIg 119** 

Hi f; her  Substitution  Products  : 
Tetrachlor-methane,  or  Carbon  tetrachloride,  CCI4  ....         77** 

Perchlor-ethane,  CgCl^ 185** 
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eral  acceptance,  perhaps  because  of  its  tendency  to  decompo^ 
with  production  of  free  bromine  and  hydrogen  bromide. 

Methylene  Chloride,  CH,C1,,  can  be  prepared  by  the  action.    ^ 
chlorine  upon  methane  or  methyl  chloride,  or  by  the  actior*    c 
nascent  hydrogen  upon  chloroform.     It  forms  a  colorless  li<lun 
with  chloroform-like  odor,  boiling  at  42°.     It  has  been  found    tc 
possess  properties  very  similar  to  chloroform,  producing  an   an. 
aesthetic  effect  slightly  more  transient  in  character.     This  pure 
methylene  chloride  must  not  be  confounded  with  a  preparation 
brought  out  under  the  same  name  in  England,  which  has  been 
shown  to  be  a  mixture  of  i  volume  methyl  alcohol  and  4  vol- 
umes  of  chloroform. 

Ethylene  Chloride,  C^H^Cl,,  is  one  of  two  isomeric  compounds. 
It  possesses  the  structural  formula  CH,C1.  CHjCl,  while  its  isomer, 
ethylidene  chloride,  has  the  formula  CH,.CHC1,.  Ethylene  chlo- 
ride is  sometimes  known  as  the  "oil  of  the  Dutch  chemists,"  or 
simply  as  "  Dutch  liquid,"  because  the  reaction  whereby  it  was 
formed  by  the  direct  union  of  ethylene  and  chlorine  gases  was 
first  discovered  in  Amsterdam.  It  is  a  colorless  liquid,  of  chloro- 
form'like  odor  and  sweet  taste,  and  has  been  used  as  a  subso- 
tute  for  chloroform  both  for  external  applications  and  for  in- 
halations. 

Ethylidene  Chloride,  CjH.Cl,,  is  obtained  as  a  by-product  in 
the  manufacture  of  chloral,  or  can  be  prepared  by  the  action  of 
phosphoric  chloride  upon  paraldehyde.  It  is  a  colorless  liquid, 
smelling  like  chloroform  and  of  a  sweet  taste.  It  has  been  pro- 
posed by  Liebreich  as  a  substitute  for  chloroform  in  cases  of  anaes- 
thesia. 

Trichlor-methane,  or  Chloroform,  U.  S-  P.,  CHO,,  was  dis- 
covered independently  by  Liebig  and  Soubeiran  in  1831.  Besides 
the  preparation  from  methane  by  the  action  of  chlorine,  whidi  u 
purely  a  theoretical  process,  we  have  three  practical  methods  for 
its  preparation. 

{a)  From  alcohol  by  the  action  of  chlorinated  lime.  This  r^ 
action  most  probably  takes  place  in  several  stages.  The  chlori- 
nated lime  first  oxidizes  the  alcohol  to  aldehyde  according  to  ll* 
reaction  : 

C,H,0    +    CaOCI,    =    CaCIj    +    C,H,0    +    H,0. 

The  aldehyde  is  then  changed  by  the  chlorinated  lime  inf>  U*" 

chloraldehyde : 

sCgH.O    +    6(CaOClB)    =    sCaCI,    +    3Ca{OH), 


su   lime  Hii"  —  ^_ 
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The  chloral  thus  formed  is  then  decomposed  by  the  alkaline  cal- 
cium hydrate : 

2C,HClaO    +    Ca(OH)a    =    Ca(CHOa)a    +    aCHCIg, 

the  end  products  being  chloroform  and  calcium  formate. 

{d )  From  acetone  by  the  action  of  chlorinated  lime.  This  re- 
action, already  pointed  out  by  Liebig  in  1832,  has  been  taken  up 
in  recent  years,  and  is  now  largely  used  in  the  manufacture  of 
chloroform.     It  is  as  follows  : 

2C8HeO  -h  6CaOCla  =  2CHat  4-  2Ca(OH)a  4-  CaCCjHsOa),  -|-  aCaa.. 

(f )  From  chloral  by  the  action  of  caustic  alkalies,  the  reaction 
being  analogous  to  that  given  under  the  first  process. 

Chloroform  is  a  heavy,  colorless,  mobile,  and  difiusible  liquid, 
of  ethereal  odor  and  burning,  sweet  taste.  Specific  gravity  1.49 
at  15^.  It  boils  at  60°  to  61®.  Chloroform  is  an  excellent  sol- 
vent for  phosphorus,  iodine,  alkaloids,  resins,  caoutchouc,  fats, 
fatty  oik,  etc.  When  exposed  to  the  light  it  is  liable  to  decom- 
position with  liberation  of  hydrochloric  acid  and  free  chlorine, 
and  hence  must  be  kept  in  dark  bottles.  Its  preserving  qualities 
are  improved  by  the  addition  of  a  small  quantity  of  alcohol. 

The  most  delicate  chemical  test  for  chloroform  is  the  produc- 
tion of  phenylcarbylamine,  a  compound  of  sickening  odor  when 
it  is  heated  with  alcoholic  potash  and  aniline.  One  part  of  chlo- 
roform in  5000  to  6000  parts  of  solution  can  be  detected  in  this 
way. 

The  most  important  medicinal  use  of  chloroform  is  as  an 
anaesthetic. 

Tribromo-methane,  or  bromoform,  CHBrg,  can  be  prepared 
from  bromal  by  an  analogous  reaction  to  that  used  for  pre- 
paring chloroform  fi-om  chloral.  It  is  a  colorless  liquid  smelling 
like  chloroform,  and  is  somewhat  used  in  medicine  as  an 
anaesthetic. 

Triiodo-methajie^  or  lodofonn,  U.  S.  P.,  CHI3,  has  been 
made  most  generally  by  the  action  of  iodine  in  the  presence  of  an 
alkali  or  alkaline  carbonate  up)on  alcohol,  the  main  reaction  being 
expressed  as  follows : 

CaHftOH  4-  4la  4-  sKaCOa  =  CHIg  +  KCHOa  -h  5KI  +  2HaO  -h  3COa. 

It  is  also  made  now  by  the  action  of  iodine  in  the  presence  of 
an  alkali  upon  acetone,  the  reaction  being  a  very  delicate  one, 
serving  to  indicate  traces  of  acetone,  and  known  as  the  *  *  iodo- 
form test." 
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Iodoform  is  in  small,  lemon-yellow,  lustrous  crystals  of  the 
hexagonal  system,  w-ith  a  peculiar,  very  penetrating  and  persist- 
ent odor,  resembling  saffron.  The  crystals  melt  at  119°  C. 
They  are  very  slightly  soluble  in  water,  soluble  in  alcohol,  ether, 
chloroform,  benzine,  and  fixed  and  volatile  oils.  It  has  a  strong 
anaesthetic  and  antiseptic  action,  and  is  much  used  in  surger)-. 

Teirachlor-methanej  or  carbon  tetrachloride,  CCI4,  is  a  liquid 
boiling  at  76.5**  C. 

Perchlor-ethane ,  CjCl,,  forms  rhombic  tablets  of  camphor-like 
odor.     Fuse  and  boil  at  185°. 

2.  Halogen  Derivatives  of  the  Olefine  Series.— These 
may  be  either  substitution  derivatives,  in  which  one  or  more  H 
atoms  of  the  unsaturated  hydrocarbon  are  replaced  by  halogen, 
the  double  linking  of  carbon  atoms  characteristic  of  the  olefines 
remaining  unchanged,  or  they  may  be  addition  compounds,  in 
which  case  two  atoms  of  halogen  add  on.  In  the  compounds  so 
formed  the  unstable  double  linking  is  broken  up,  and  the  prod- 
uct is  in  all  respects  identical  with  the  dihalogen  substitution 
derivatives  of  the  paraffins.  Thus,  from  ethylene,  C^H^,  we  may 
obtain  C^HgCl,  monochlor-ethylene  (vinyl  chloride),  and  CgH,CI„ 
dichlor-ethylene,  or  we  may  get  by  addition  C2H4Clg,  ethylene 
chloride,  already  described  under  the  preceding  class.  From 
propylene,  CgH^,  we  may  obtain  CgHgCl,  monochlor-propylene 
(allyl  chloride),  representing  the  substitution  derivatives,  or 
CgHgClj,  propylene  chloride,  representing  the  addition  com- 
pounds. 

3.  Halogen  Derivatives  of  the  Acetylene  Series.— Here 
also  both  classes  of  compounds  are  possible, — substitution  deriva- 
tives, in  which  the  unstable  treble  linking  still  remains,  and  addi- 
tion compounds,  which  pass  into  the  class  of  olefine  deri\'atives. 

II.     Alcohols,  or  Hydrates  of  the  Hydrocarbon 

Radicals. 

Alcohols  are  formed  by  the  replacement  of  one  or  more  hydro- 
gen atoms  of  a  hydrocarbon  by  the  corresponding  number  of 
OH  (hydroxyl)  groups. 

Alcohols  with  i  hydroxyl  group  are  termed  monatamic,  ormon- 
acid  ;  alcohols  with  2  hydroxyl  groups  are  termed  diatomic,  or 
diacid  ;  alcohols  with  3  hydroxyl  groups  are  termed  triaUmic,  or 
triacid. 

The  highest  of  these  classes  as  yet  discovered  in  nature  are  the 
heptatomic  alcohols,  although  higher  ones  have  been  obtained 
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artificially.  Two  cases  of  isomerism  may  arise  among  the  alcohols  : 
(a)  when  they  are  derived  from  isomeric  hydrocarbons  ;  thus, 
from  butane,  CHa.CHg.CHg.CH3,  we  obtain  normal  butyl  alcohol, 

CH3,CH,.CHa.CHgOH,  and  from  isobutane,    ^^»>CH— CH3, 

CH  ' 

we  obtain  isobutyl  alcohol,  prr'^^^ — CHgOH  ;   (^)  according 

8 

to  the  position  taken  by  the  replacing  hydroxyl  group  ;  thus, 
while  only  one  monatomic  alcohol  can  be  formed  from  methane, 
CH4,  and  only  one  from  ethane,  CHj.CHg,  from  propane, 
CH3.CH3.CH3,  we  can  obtain  normal  propyl  alcohol,  CHj.CHg.- 
CH,OH,  and  isopropyl  alcohol,  CH3.CH.OH.CHg.  Normal 
butane  yields  two  isomeric  alcohols,  CH3.CHg.CH3. CHgOH 
and    CH3.CH3.CH.OH.CH3,   and  isobutane    yields    two   also, 

^H*>C^"-^^«OH  and  ^[j»>C(OH)— CH3. 

In  looking  at  the  formulas  of  these  isomeric  butyl  alcohols  it 
will  be  seen  that  we  have  three  different  types  of  monatomic 
alcohols:  an  alcohol  containing  the  group  CHg.OH,  known  as 
a  primary  alcohol ;  an  alcohol  containing  the  group  CH.OH, 
known  as  a  secondary  alcohol ;  an  alcohol  containing  the  group 
C(OH),  known  as  2l  tertiary  alcohol.  We  will  find  that  these  are 
important  distinctions,  as  very  different  products  are  obtainable 
firom  the  alcohols  according  as  they  belong  to  one  or  the  other 

of  these  classes. 

Secondary  and  tertiary  alcohols  are  also  known  as  carbinols, 

and  the  groups  combined  with  the  carbon  atoms  to  which  the 

hydroxyl  is  attached  are  specially  named. 

Thus,  pS«>C(OH)— CH3  is  called  trimethyl-carbinol. 

X.  Monatomic  Alcohols  from  Saturated  Hydrocarbons. 
General  formula,  C„Hg„+i.OH. 

TABLE. 

Name  and  Formula  :  Boil  ing  Point. 

Methyl  alcohol,  CH3.OH 66°  C. 

Ethyl  alcohol,  CH3.CH3OH    .       78* 

Normal  propyl  alcohol,  CH3.CHa.CHaOH     97* 

Isopropyl  alcohol,  CH3.CHOH.CH3    . 83* 

Normal  butyl  alcohol,  CH3.CHa.CHa.CHaOH 117* 

Isobutyl  alcohol,  ^2»>CH.CHaOH io8« 

Methyl-ethyl  carbinol,  ^"a-5"«>CHOH 97*» 
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TABLE.— CbMtewdL 

fltme  antt  Fommta  .■  loffii 

Triroeihjleartmol,  ^[J*>QOH}.CH, 8^ 

Norma!  amyl  alcohol.  C.H^CH^H ijj* 

Fertnonatiao  amyl  alcohol.  ^"»>CH-CH»CH^H  ...  iji* 

Heiyl  alcohol  C,Hu.OH ISI* 

Heptyl  alc<*ol.  C,Hi^OH 17^ 

Octyl  akohoJ.  C,Ht^OH 191" 

Nonjl  alcohol,  C,H^OH aijf 

Decyl  alcohol.  CioH„.OH f 

Dod«c>1  alcohol.  C„H»-OH M 

Tetradecj-l  alctAol.  C„H^OH ai 

Hexadecyl  (cetyl)  alcohol.  C^Hm'OH 4^ 

Ortadecyl  akohol.  C^H^OH 5^ 

Cerj-I  alcobol.C„H«OH « 

Mmcyl  alcohol, C«H«.OH 6^ 

The  lower  members  of  rfae  series  are  molMte  liquids  soM 
water,  the  middle  members  are  o3y  liquids  only  slightly  S 
in  water,  and  the  b^her  ones  are  solid  crj'stalline  bodies, 
lowest  members  possess  an  alcoholic  odor,  those  o\'er  C,  al 
o(  ftisel  oil,  and  both  have  a  bumii^  taste,  while  the  t 
members  are  ododess  and  tasteless  solids. 

.'\moRg  the  general  methods  for  the  formation  of  aloohoi 
be  mentioned : 

(«)  The  action  of  moist  silver  oxide  upon  the  balogi 
rivalives  of  the  paraffins,  as  C^,I  +  AgOH  =  CJti^i 
Agl. 

(*,1  The  decomposition  of  the  esters  by  boiUng  with  1 
alkaliesL  Thk  decomposition  is  frequendy  spoken  of  1 
**  sapooifiottioa"  of  the  esters,  because  of  the  well-knowi 
nation  of  die  decomposidon  of  the  hts  i 

CH^OC,IV\     +     KOH     =     CH»OH      -}-     C,H^J,( 

HRky)  S^kvlMe.  rotasBBB  S^ 

(t)  The  treatment  of  primary  amines  with  nitrous  acid ; 

C^»SH,    +    NO.OH    =    C^^OH    +    N,    4-    HJ 

(d)  The  fermencuioa  of  muiy  of  the  caibohydiates  (as 
sugar)  with  yeast  will  produce  the  lower  akohob.  (^See  F< 
tation.) 
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From  ethylene  and  concentrated  sulphuric  acid  and  decompo- 
sition of  the  resulting  ethyl-sulphuric  acid  by  water  : 

CaH4     -f     SOa(OH)a    =    CaHa.HS04. 
CaH5.HS04    4-     HgO    =    CaHaOH     -f    HaS04. 

It  is  formed,  however,  almost  invariably  by  the  *  *  alcoholic  fer- 
mentation'* of  sugar.    (See  Fermentation.)     The  reaction  where- 
by the  sugar  yields   alcohol   and  carbon  dioxide,   CgHiaO,=:^ 
2CaHgO  +  2COa,  ^s  ^^^  ^  complete  one,  as  some  5  per  cent,  of^ 
the  sugar  breaks  up  into  other  products,  such  as  glycerin  and 
succinic  acid.     A  number  of  the  homologues  of  ethyl  alcohol  are 
also  formed,  and  are  known  collectively  as  **  fusel  oil.** 

While  alcohol  may  be  purified  by  repeated  distillation,  it  is  not 
possible  to  free  it  from  water  by  this  means.  On  a  large  scale  in 
the  several  forms  of  rectifying  columns  it  is  possible  to  bring  the 
alcohol  to  98-99  per  cent. ,  but  on  the  small  scale  to  not  over  95 
per  cent.  The  remaining  portion  of  water  must  be  taken  out  by 
chemical  dehydrating  agents,  like  heated  carbonate  of  potash, 
anhydrous  sulphate  of  copper,  or  standing,  followed  by  a  distil- 
lation over  quick-lime.  The  alcohol  thus  obtained  is  the  Alcohol 
Absolutum,  U.  S.  P. 

The  presence  of  water  in  alcohol  may  be  shown  by  admixture 
with  benzene.  This  will  mix  to  a  clear  liquid  with  alcohol  con- 
taining not  more  than  3  per  cent,  of  water.  If  the  percentage 
begins  to  exceed  this,  the  mixture  becomes  turbid.  Anhydrous 
copper  sulphate  will  also  indicate  the  presence  of  water  by 
changing  from  white  to  blue  in  color.  Absolute  alcohol  boils 
at  78.5°  C,  becomes  viscid  at  — 100°  C,  and  solidifies  at 
— 130°.  Its  specific  gravity  is  0.7937  at  15°  C.  It  is  very 
hygroscopic.  Alcohol  is  a  solvent  for  many  organic  compounds, 
such  as  fats,  resins,  and  oils. 

A  very  delicate  test  for  alcohol  (although  not  characteristic  of 
alcohol  only)  is  the  iodoform  test.  The  liquid  to  be  tested  is 
warmed  with  a  small  quantity  of  iodine  dissolved  in  iodide  of 
potassium  solution,  and  sodium  hydrate  is  added  until  the  mixt- 
ure is  faintly  yellow.  In  the  presence  of  alcohol  the  character- 
istic smell  of  iodoform  is  obtained,  and  gradually  the  fine  yellow 
crystals  separate. 

Benzoyl  chloride,  CeHgCOCl,  is  also  a  delicate  test  for  alcohol, 
with  which  it  forms  ethyl  benzoate  (benzoic  ether),  the  smell  of 
which  is  readily  recognized.  The  commonest  impurities  of  alco- 
hol are  aldehyde,  which  readily  forms  by  oxidation,  and  fiisd  ol 
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^Hich  accompanies  it  in  the  products  of  fermentation.  The  for- 
^^r  is  detected  by  shaking  up  with  a  small  quantity  of  potassium 
Vdrate  solution,  whereby  a  brown  aldehyde  resin  is  formed  ;  the 
J^^ter  is  detected  by  evaporation  of  the  suspected  alcohol  on  the 
^nd  or  from  a  piece  of  blotting-paper. 

Besides  alcohol  (containing  94  per  cent,  by  volume  of  ethyl 
alcohol)  and  alcohol  absolutum,  the  United  States  Pharmacopoeia 
^^cognizes  Alcohol  Deodoratum  and  Alcohol  Dilutum,  the 
*^tter  containing  about  48.6  per  cent,  by  volume  of  absolute  ethyl 
^cohol. 

Alcohol  has  a  dehydrating  action  upon  vegetable  and  animal 
tissues.  It  coagulates  albumen  and  prevents  the  decay  of  the 
tissue.  Taken  in  small  amount  it  has  a  slight  stimulant  effect ; 
in  larger  doses  it  lowers  the  temperature  and  acts  as  an  intoxicant, 
while  in  excessive  amounts  it  is  poisonous,  and  when  injected  into 
the  veins  it  causes  death.  A  portion  of  the  alcohol  taken  into 
the  system  is  burned  to  carbon  dioxide  and  water ;  the  remainder 
passes  off  through  the  lungs  and  the  urine  unchanged. 

For  an  account  of  alcoholic  beverages,  see  Fermentation 
Industries. 

Propyl  Alcohols^  C3H7OH. — ^The  normal  propyl  alcohol,  CH3.- 
CH,.CH,OH,  is  contained  in  fusel  oil,  from  which  it  may  be  ob- 
tained by  fractionation.  It  may  also  be  obtained  by  the  action 
of  sodium  amalgam  upon  propion-aldehyde,  or  by  the  action  of 
certain  fissure  ferments  upon  glycerin. 

It  is  a  liquid  of  spirituous  odor,  resembling  that  of  methyl  alco- 
hol, boiling  at  97.4**,  and  readily  miscible  with  water,  but  can  be 
Separated  out  again  by  addition  of  calcium  chloride.  Isopropyl, 
or  secondary  propyl  alcohol,  CH3.CH(OH).CH3,  may  be  ob- 
tained from  isopropyl  iodide  (the  product  of  the  action  of  HI 
Upon  glycerin) ,  or  by  the  action  of  sodium  amalgam  upon  acetone. 
Colorless  liquid,  boiling  at  82.8°. 

Butyl  AlcoholSy  C4H9.OH. — The  normal  butyl  alcohol,  CHg.- 
CH^.CHg.CHgOH,  is  present  in  fusel  oil,  being  formed  especially 
in  the  wine-yeast  fermentation.  It  is  also  formed  readily  from 
glycerin  by  the  fermentation  with  fissure  ferments.  It  boils  at 
117®,  and  has  a  peculiar  odor,  inciting  to  coughing  when  in- 
haled. It  is  not  so  readily  soluble  in  water,  and  may  readily  be 
separated  out  on  addition  of  calcium  chloride.     Isobutyl  alcohol, 

V;tj»>CH.CH,OH,  known  frequendy  as  fermentation  butyl  alco- 

liol,  is  the  most  important  of  the  butyl  alcohols.     It  is  contained 
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in  fusel  oil,  especially  in  potato  fusel  oil,  and  obtained  in  the  beer- 
yeast  fermentation.  Colorless  liquid,  boiling  at  io8°,  withafiisel 
smell,  resembling  that  of  wild  jasmine. 

Tertiary  butyl  alcohol,  or  trimethyl  carbinol,  (CH3)3^(0H), 
is  contained  in  small  quantity  in  fiisel  oil.  Spirituous  smell  re- 
sembling that  of  camphor.  The  remaining  butyl  alcohol,  known  as 
secondary  butyl  alcohol  (see  table),  is  only  obtained  synthetically. 

Amy  I  Alcohols^  CgH^-OH. — Of  the  eight  possible  isomeric 
alcohols,  only  four  require  mention.  Normal  primary  amyl  alco- 
hol is  contained  in  small  quantity  in  fusel  oil,  and  can  be  pre- 
pared by  the  reduction  of  normal  valeric  aldehyde.  Its  boiling 
point  is  137°.  Isobutyl  carbinol,  (CH3)a=CH.CHj.CHgOH, 
forms  the  chief  constituent  of  fermentation  amyl  alcohol  obtained 
from  potato  fusel  oil.  Is  also  found  in  Roman  chamomile  oil  in 
combination  with  angelic  and  tiglic  acids.  It  boils  at  131®,  and 
has  a  strong,  irritating  odor.  It  is  intoxicating  even  in  dilute 
solutions,  and  is  the  cause  of  the  peculiar  toxic  after-effects  of 
intoxication  by  brandy  and  other  ardent  spirits.  It  is  optically 
inactive.  Methyl-ethyl  carbinol,  or  active  amyl  alcohol,  is  also 
contained  in  fermentation  amyl  alcohol.  It  turns  the  plane  of 
polarization  to  the  left.     Boiling  point,  11 2. 5®.     Tertiary  amyl 

alcohol,  or  dimethyl-ethyl  carbinol,  (CH3)j=C(OH),    ^^  j^^ 

introduced  to  medicine  in  recent  years  under  the  name  of  "amy- 
lene-hydrate, '  *  and  recommended  as  an  hypnotic.  It  is  made  fix)m 
amylene,  CgHiQ  (see  p.  564),  by  shaking  this  up  with  sulphuric 

acid,  whereby  amyl  sulphuric  acid,  SOg  \  ^^^  H   "^   *^  formed. 

This,  on  distillation  with  aqueous  alkalies,  is  decomposed  into 
amylene  hydrate  and  alkaline  sulphate.     The  amylene  hydrate  is 
a  colorless,  oily  liquid,  of  penetrating  odor,  which  recalk  cam- 
phor, peppermint,  and  paraldehyde.     It  boils  at  102.5®,  and  has 
a  specific  gravity  of  0.812  at  12°.     It  is  soluble  in  8  parts  of 
water,  and  miscible  in  all  proportions  with  alcohol,  ether,  chlo- 
roform, benzine,  glycerin,  and  fatty  oils.     It  is  sensitive  to  light 
and  very  hygroscopic.     As  an  hypnotic,  it  is  said  to  occupy* 
position  intermediate  between  chloral  hydrate  and  paraldehyde. 
Htxyl  AlcoholSy  C^Hjg.OH. — The  normal  primary  hexyl  alco- 
hol is  contained  as  a  butyric  ester  in  the  seeds  of  Heradeu^ 
X(ir<^ftff'um,     A  primary  hexyl  alcohol  is  also  obtained  from  wine 
lusi'l  oil,  and  a  secondary  alcohol  from  mannite  through  theinte^ 
inriliato  formation  of  secondary  hexyl  iodide. 
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JJeptyl  Alcohols^  C7Hi,.OH. — The  normal  priman-  heptyl  al':o- 
:^1  is  obtained  by  the  reduction  of  oenanthol,  a  normal  aldehyde 
l-iich  forms  on  the  distillation  of  castor  oil. 

Odyl  Alcohol^  CgHj^.OH. — The  normal  primary  octyl  alco- 
cz^l  is  found  as  an  acetic  ester  in  the  several  varieties  of  her- 

The    normal    primary    alcohols,     CjoHg^.OH,     CjjHj^.OH, 

^H^g-OH,   CieH33.0H,   and  CjgH^^.OH,  were  prepared  arti- 

fmczrially  by  Krafft,  in  1881,  by  reducing  the  corresponding  acids 

mrith  zinc-dust  and  acetic  acid.      They  are  solids,   like  paraffin 

vxi.   appearance. 

Cety I  Alcohol,  CigHg3.0H,  formerly  known  as  ethai,  is  found  in 
mbination  with  palmitic  acid  as  the  chief  constituent  of  sper- 
aceti  (Cetaceum,  U.  S.  P.).     The  alcohol  cr>'stallizes  in  small 
leaflets,  fusing  at  49°  and  boiling  at  189.5°. 

Octadecyl  Alcohol^  C^H^^.OH,  is  also  found  in  the  form  of 
esters  in  spermaceti. 

Ceryl  Aicohoiy  Cj^H^.OH,  is  found  as  cerotic  ester  in  Chinese 
wax,  and  as  palmitic  ester  in  the  ripe  capsules  of  the  poppy. 
The  ceryl  esters  are  also  present  in  carnauba  wax  and  in  beeswax. 
The  alcohol  fuses  at  76°-79°. 

Myricyl  Alcoholy  CaoH^^.OH,  is  present  as  palmitic  ester  in 
^^^eswax  and  in  carnauba  wax,  from  which  latter  it  is  most  con- 
veniently extracted  by  saponification  with  alcoholic  potash.  The 
^cohol  melts  at  85°  C. 

3*  Monatomic  Alcohols  from  Unsaturated  Hydrocar- 
^ns,  C  Ha__,.OH. — These  alcohols  are  derivatives  of  the  ole- 
^c  hydrocarbons,  and,  like  them,  contain  the  unstable  double 
"nking  of  two  carbon  atoms.  They,  therefore,  like  them,  can  take 
^P  two  atoms  of  hydrogen  or  halogen  element  or  one  molecule 
^f  a  haloid  acid,  forming  thereby  saturated  alcohols,  which  may 
^ntain  one  or  two  replacing  halogen  atoms  in  the  radical  which 
^  combined  with  the  hydroxyl. 

^nyl  Alcoholy   CH^^CH.OH,   corresponding  to  Ethylene, 
CH,:=CHa,  has  been  found  as  an  impurity  in  ordinary  ether,  but 
"^  not  been  isolated,  as  the  isomeric  acetaldehyde,  CH3.CHO, 
I       results  in  endeavoring  to  prepare  it. 

I  Allyl  Alcohol^    CHg=CH — CHgOH,   corresponding  to  pro- 

I  Pylene,  C,H^,  is  found  in  crude  wood-spirit,  and  may  be  readily 
I  ^H>tain€d  by  distilling  glycerin  with  oxalic  acid,  the  reaction  being 
■      SHgOj  —  H,0  —  O  =  CjH^O,  showing  that  the  oxalic  acid  acts 
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liquid,  of  penetrating,  unpleasant  odor,  boiling  at  96.6^,  and  mis- 
cible  with  water. 

3.  Monatomic  Alcohols  from  Unsaturated  Hydrocar- 
bons, C„H2n-8-0^- — These  alcohols  are  derivatives  of  acety- 
lene and  its  homologues,  and,  like  them,  contain  the  unstable 
treble  linking  of  two  carbon  atoms.  They,  therefore,  can  take 
up  four  atoms  of  hydrogen  or  halogen  or  two  molecules  of  haloid 
acid  to  form  saturated  alcohols  which  may  contain  halogen  atoms 
in  the  radical. 

Propargyl  Alcohol,  CH~C — CHgOH,  corresponding  to  all)t- 
lene,  C3H4,  is  obtained  from  monobromallyl  alcohol  by  splitting 
off  HBr,  effected  by  the  action  of  concentrated  aqueous  potash. 
Mobile,  pleasant-smelling  liquid,  lighter  than  water,  boiling  at 
114°. 

4.  Diatomic  Alcohols  or  Glycols.  General  formula, 
C„Hg„(OH)j. — If  two  hydrogen  atoms  of  a  hydrocarbon  of  the 
paraffin  series  be  replaced  by  two  OH  groups,  we  obtain  a  dia- 
tomic alcohol  or  glycol  (from  r^uxu^^  sweet).  Thus,  from  ethane, 
C^H,,  we  obtain  ethylene  glycol,  CaH^COH),.  The  two  OH 
groups  do  not,  however,  attach  to  the  same  carbon  atoms,  so 
that,  while  theoretically  both  ethylidene  glycol,  CH,.CH(OH), 
and  ethylene  glycol,  CHgOH — CH^OH,  are  possible,  only  the 
latter  can  be  obtained.  For  this  reason,  also,  the  first  of  the 
series  of  glycols,  methylene  glycol,  CHg(OH)g,  cannot  be  ob- 
tained in  the  free  state,  although  ethers  corresponding  to  it  are 
known.     (See  Methylal,  p.  593.) 

The  distinction  already  noted  under  monatomic  akoholStOr 
primar>%  secondary,  and  tertiary  alcohols,  of  course  **^^i>^  here 
also,  only,  instead  of  three  cases,  six  may  arise,  from  the  fact  ib^ 
there  are  the  two  replacing  OH  groups,  the  position  of  whidi 
is  to  be  considered. 

Glycols  are  formed  most  readily  by  forming  first  the  dibromkte 
of  the  hydrocarbons  and  then  replacing  the  bromine  atoinsbT 
hydroxyl  groups.  This  can  be  effected  by  boilii^  the  dibro* 
mides  with  water  to  which  potassium  carbonate  or  lead  hrdraK 
has  been  added  to  take  up  the  hydrogen  bromide  liberated  tbe 
reaction  being : 

They  are  also  formed  by  the  direct  combination  of  the  otf* 
hydrocarbons  with  hydrogen  peroxide,  or  by  oxidatioa  of*' 
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olefines  by  potassium  permanganate :  C^H^  +  H^O  -f-  O  = 
C.H,(OH).. 

The  glycols  are  mostly  syrupy,  sweet-tasting  liquids  of  rela- 
tively high  boiling  point.  They  are  readily  soluble  in  water  and 
alcohol,  insoluble  in  ether.  The  double  tertiary  glycols,  known 
specially  as  **  pinacones,"  are,  however,  solid  crystalline  com- 
pounds. 

Ethylene  Glycol,  CHgOH.CHgOH,  is  prepared  from  ethylene 
bromide,  CgH^Br,,  and  water  in  the  presence  of  potassium  car- 
bonate. It  is  formed  also  along  with  trimethylamine  on  boil- 
ing an  aqueous  solution  of  cholin,  a  decomposition  product  of 
lecithin  and  protagon  (see  p.  803)  :  CgH^gNOa  =  (CH8)3N  -f 
CaH4(OH)g.     It  is  a  sweetish,  syrupy  liquid,  boiling  at  197°. 

Propylene  Glycols ,  C3H,(OH)j. — Two  isomeric  forms  are 
known,  a-propylene  glycol,  CH3.CH(OH).CHjOH,  and  i5-pro- 
pylene  glycol,  CH30H.CHg.CHjOH.  The  former  of  these  can 
be  prepared  from  propylene  bromide,  but  is  most  easily  obtained 
by  distilling  glycerin  with  caustic  soda.  It  boils  at  188°,  and  is 
converted  by  fissure  ferments  into  a  dextro-  and  a  laevo-rotatory 
modification  ;  the  i^-propylene  glycol  is  also  known  as  trimethy- 
lene  glycol,  and  may  be  prepared  from  trimethylene  bromide,  or 
produced  in  the  fissure  fermentation  of  glycerin.    It  boils  at  216°. 

Hexylene  Glycols,  CjHijCOH)^. — The  most  interesting  com- 
pound of  this  formula  is  the  so-called  *'pinacone,''   or  tetra- 

C(OH)-(CH,), 
methyl-ethylene  glycol,    I  .      It  is  most  readily 

C(OH)=(CH,), 

fbrmed  when  acetone  is  reduced  by  metallic  sodium  in  the  pres- 
ence of  potassium  carbonate.  It  forms  a  white,  crystalline  mass, 
with  camphor-like  odor,  melting  at  42°  and  boiling  at  171°-! 72°. 
By  oxidation  it  is  reconverted  into  acetone. 

Other  glycols  of  high  molecular  weight  are  found  in  the  natural 
waxes.  Thus,  from  carnauba  wax  has  been  obtained  a  glycol 
of  the  formula  C^H^oCOH),,  melting  at  103.5°,  and  the  white 
wax  obtained  from  the  cochineal  insect  under  the  name  of  coccerin 
on  saponification  yields  coccery I  alcohol,  C3oH^(OH)j. 

5.  Triatomic  Alcohols,  or  Glycerins.  General  formula, 
C,H^«j(OH)3. — When  three  atoms  of  hydrogen  in  a  hydro- 
carbon of  the  paraffin  series  are  replaced  by  OH  groups,  we  have 
a  triatomic  alcohol,  or  glycerin.  Such  alcohols  act  like  triacid 
bases,  and  can  combine  with  one,  two,  or  three  molecules  of  a 
monobasic  acid. 
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The  glycerins  are  coloriess,  syrupy  liquids,  readily  soluble  In 
water,  and  of  high  boiling  point. 

The  first  of  the  series,  that  derivable  from  methane,  is  un- 
known. Its  formula,  CH(OH)3,  would  be  too  unstable  to  allow 
of  its  isolation,  as  a  molecule^  of  water  would  undoubtedly  split 
off  from  the  three  OH  groups  here  indicated  as  attached  to  the 
same  carbon  atom.  Its  ethyl  ester,  CHCOC^H,),,  is,  however, 
known  under  the  name  of  orthoformic  ether  (see  p.  586). 

The  second  glycerin  of  the  series  corresponding  to  ethane  is 
also  unknown.  Its  formula,  CgH3(^OH)3,  also  indicates  that  to 
one  of  the  carbon  atoms  two  OH  groups  would  be  attached, 
which  gives  us  an  unstable  molecule.  Its  ethyl  ester,  C,H,- 
(OCgH3)3,  is  also  known  under  the  name  of  otho-acetic  ether. 

Propenyl  Glycerin,  CeH3(OH)3(Glycerinum,  U.  S.  P.),isthe 
triatomic  alcohol  corresponding  to  propane,  and  has  the  stnict- 
ural  formula,  CH3OH— CHOH— CH.OH.  It  cccuis  abun- 
dandy  in  nature  in  combination  with  the  so-called  fcitty  acids  as 
esters  of  these  latter,  making  up  the  bulk  of  the  vegetable  and 
animal  fats  and  oils  (see  p.  621). 

It  is  also  produced  in  the  alcoholic  fermentation  of  sugar,  and 
hence  is  found  in  most  alcoholic  beverages.  It  is  also  present  in 
the  urine  as  glycerin-phosphoric  acid,  a  decomposition  product 
of  lecithin  and  protagon.  It  may  be  formed  artificially  by  the 
action  of  water  at  170°  upon  trichlorhydrin  (trichlorpropane), 
C3H3CI3. 

Practically,  it  is  always  obtained  by  the  decomposition  of  the 
&ts  in  connection  with  the  manu&ctiu'e  of  soaps  and  stearic  acid. 
This  decomposition  may  be  effected  by  the  aid  of  water  in  die 
form  of  superheated  steam,  by  alkalies  and  metallic  oxides,  or 
by  heating  with  sulphuric  acid.  For  a  ftiller  account  of  these 
methods,  see  section  on  Fat  Industries. 

The  pure  glycerin  is  a  thick,  colorless  liquid,  of  specific  gravity 
1.27.  It  solidifies  at  low  temperatures  to  monodinic  crystals, 
which  ftise  at  20°  C.  It  boils  at  290°,  but  in  its  ordinary  impure. 
jitute  cannot  be  distilled  at  ordinary  pressures  without  decompo- 
5iition.  It  is  ver>-  hygroscopic,  and  mixes  with  water  and  ako- 
hv>l  in  ^Ul  proportions.  It  is  insoluble  in  ether,  chloroform,  car- 
K>i\  disulphide»  benzine,  benzene,  and  fixed  or  volatile  oils.  " 
is  <^a  excellent  solvent  for  a  great  range  of  substances,  such  as 
Nomine  and  iodine,  alkaline  chlorides,  fixed  alkalies,  some  of  u* 
ilk.itlne  earths*  as  lime,  and  a  number  of  neutral  salts.  ItaboB 
VI  vl  to  have  antiseptic  properties. 


J 
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obtained,  however,  in  several  cases  by  the  reduction  of  certain 
pentoses  (see  Carbohydrates). 

Arabite,  CHaOH-CCH.OH),— CH.OH,  has  been  prepared 
by  the  reduction  of  arabinose,  C^H^oO^,  with  the  aid  of  sodium 
amalgam.  It  fuses  at  102°,  and  has  a  laevo-rotatory  power  in 
aqueous  solution  on  the  addition  of  borax. 

Xylite^  CgHjjOg,  has  been  prepared  by  a  similar  method  from 
xylose,  C5H10O5.  It  has  not  as  yet  been  obtained  crystalline, 
and  is  optically  inactive. 

Rhamnite,  C^Hj^O^,  prepared  from  rhamnose,  C^Hj^O,,  is  a 
homologue  of  the  foregoing.  It  fuses  at  121°,  and  is  right- 
rotatory  in  aqueous  solution  even  without  the  addition  of  borax. 

8.  Hexatomic  Alcohols.  General  formula,  C,Hj,«^(OHV 
— Several  alcohols  of  the  formula  C^H^gO,  have  been  found  in 
nature,  and  have  excited  interest  because  of  their  close  relation 
to  one  of  the  groups  of  carbohydrates  or  sugars.  The  nature  of 
their  relation  and  a  method  for  the  synthetic  formation  of  them 
from  these  sugars  have  both  been  indicated  in  connection  with 
the  classic  work  of  Emil  Fischer  on  the  Carbohydrates  (see 
next  page). 

Mannite,  CHj,OH— (CHOH)^— CHjOH,   is  found  in  many 
plants,  as  in  the  brch,  in  celery,  in  the  leaves  of  Syringa  wi-        \ 
garis^  in  sugar-cane,  in  Agaricus  integer  (of  the  dry  substance 
of  which  it  forms  20  per  cent.),  in  rye  bread,  and  notably  in  tbe 
manna  ash  {Fraxinus  omtis),  the  dried  juice  of  which  constitut^^ 
Manna,  U.  S.  P. 

Mannite  crystallizes  from  water  in  thick  rhombic  prisms,  *^ 
from  alcohol  in  silky  needles,  melts  at  i65°-i66°,  is  only  mC^' 
erately  soluble  in  water,  scarcely  soluble  in  cold  alcohol,  and  i  ^' 
soluble  in  ether.  Its  aqueous  solution  turns  the  plane  of  pol-^^*'" 
ization  very  slightly  to  the  left,  but  in  the  presence  of  borax  au  ^^ 
other  salts  it  is  strongly  dextro-rotatory. 

It  has  been  obtained  artificially  by  Fischer  from  both  mannc:^^ 
and  fructose  (laevulose)  by  reduction  with  sodium  amalgam     ^^ 
neutral  or  weakly  acid  solution  ;  when  produced  from  fructo^» 
sorbite,  an  isomeric  alcohol,  always  accompanies  it.     Mannite*    ^ 
also  formed  from  some  of  the  sugars  in  the  processes  of  f^^' 
mentation,  as  in  the  lactic  acid  fermentation,  and  in  especi^Vy 
larj^c  amount  in  the  mucous  fermentation  of  cane  sugar. 

P'ischer  has  shown  that  there  are  three  mannites  obtainable ; 
thf  ordinary  mannite  is  the  dextro-rotatory  variety,  and  is  always 
nl>|juiu'd  in  the  reduction  of  a-mannose  ;  a  laevo-rotatory  mannit* 
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5s  obtained  by  the  reduction  of  /-mannose  ;  and  an  inactive  man- 
nite  is  obtained  from  the  inactive  mannose.  The  three  varieties, 
besides  differing  in  their  optical  characters,  differ  slightly  in  their 
iusing  points  and  in  their  crystalline  forms. 

Sorbite,  C,Hg(OH)„  is  found  in  the  berries  of  the  mountain 
ash  and  in  the  fruit  of  the  plum,  cherry,  apple,  pear,  etc.  It 
crystallizes  out  of  water  in  small,  colorless  needles,  which  contain 
water  of  crystallization.  The  anhydrous  substance  fuses  at  i  io°- 
III®.  It  is  slightly  laevo-rotatory  in  simple  aqueous  solution, 
but  in  the  presence  of  borax  is  dextro-rotatory.  It  has  been  pre- 
l>ared  synthetically  from  dextrose,  and  represents  the  dextro 
variety  of  sorbite  only,  the  laevo-sorbite  having  been  also. 

Dulcite  (Melampyrite),  C,Hg(OH)g,  is  found  in  certain  plants 
like  the  Melampyrum  nemorosum,  but  more  particularly  in  the 
manna  from  Madagascar.  It  crystallizes  in  monoclinic  prisms, 
fuses  at  188.5°,  ^"^^  is  still  more  difficultly  soluble  in  water  than 
mannite.  Dulcite  is  optically  inactive  and  not  capable  of  being 
resolved  into  active  modifications. 

RhamnO'hexite,  QHio^OH)^,  a  homologue  of  the  preceding, 
has  been  prepared  from  rhamno-hexose,  C^Hi^Og.  It  crystallizes 
from  hot  alcohol  in  small,  colorless  prisms,  melting  at  173°,  and 
is  dextro-rotatory. 

9.  Heptatomic  to  Nonatomic  Alcohols. — Starting  with 
the  group  of  sugars  (hexoses)  corresponding  to  the  hexatomic  al- 
cohols, Emil  Fischer  has  built  up  synthetically  several  alcohols 
of  higher  classes.  Thus,  the  addition  of  hydrogen  cyanide  to  a 
hexose  will  give  what  is  termed  a  nitrile  ;  this  when  saponified 
yields  an  acid  with  seven  carbon  atoms,  which  can  be  reduced  by 
sodium  amalgam  in  successive  steps  to  a  sugar  and  a  heptatomic 
alcohol.     We  may  illustrate  this  in  the  case  of  mannose  : 

(2)  CN 


CH.( 


(i)   CHO  CH.OH       (3)COOH       (4)  CHO         (5)  CHaOH 

I  I  I  I  I 
(CH.OH)4       (CH.OH)4        (CH.OH)5       (CHOH^       (CHOH)8 

II  I  I  I 
CHjOH.          CHaOH.           CHaOH.          CHaOH.         CHaOH. 

Mannose.  Mannose-  Mannosecar-  Man  no-  Man  no- 

cyanhydrin.  boxy  lie  Acid.  heplose.  heptite. 

In  this  way  an  artificial  alcohol,  ^-maniwheptite ,  Q^Yi^fi^^  was 
prepared  by  Fischer,  and  later  its  identity  with  the  naturally 
occurring  Perseite  was  established. 

Perseite  is  found  abundantly  in  the  fruits  and  leaves  o(  Launis 
persea.     It  crystallizes  from  water  in  microscopical  needles,  melt- 
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ing  at  188®.     Its  aqueous  solution  alone  is  inactive,  but  on  th^ 
addition  of  borax  becomes  strongly  dextro-rotatory. 

By  analogous  synthetical  reactions  to  those  given  above,  there 
has  been  obtained  from  mannoheptose  an  octatomic  alcohol,  d-man- 
nodite,  Q^^J^\{\,  By  the  same  method,  starting  from  ^-glu- 
cose, there  b^ive  been  obtained  the  following  synthetic  alcohols : 
a-gliuoheptiiey  Q^^Jd^,  fusing  at  127^-128®  ;  a-gltuooctiie, 
CgH^gOg,  fusing  at  141°  ;  and  a-glucononite^  CgHg^Og,  fusing 
at  194°. 

III.     Ethers,  or  Oxides  of  the  Hydrocarbon  Radicals.^ 

The  ethers  may  also  be  considered  as  the  anhydrides  of  th 
alcohols.      Thus,  aQH^.OH  =  (Cj,H^)aO  +  H,0.     It  may  be. 
however,  that  two  different  alcohols  can  thus  be  united  by  the  lo: 
of  one  molecule  of  water.     The  resulting  ether  will  then  contain      n 
two  different  hydrocarbon  radicals  united  by  oxygen.     Such  -        a 
compound  would  be  a  mixed  oxide.     We  distinguish,  therefore-==» 
between  the  two  classes,  and  have  simple  ethers  or  oxides  of  a 

single  radical,  and  mixed  ethers  or  oxides  of  mixed  radicals.  I  ~n 
both  these  cases,  however,  the  radicals  are  obtained  directly  fi'o 
the  hydrocarbons  by  the  loss  of  one  or  more  hydrogen  atom 
and  are  the  same  as  unite  with  hydroxyl  to  form  the  alcoholss^=s. 
These  alcohols,  it  will  be  remembered,  were  spoken  of  as  basK:  ic 
hydrates,  so  the  oxides  will  be  basic  oxides.  Compounds  wher^^^^e 
a  basic  or  alcohol  radical  is  united  by  oxygen  to  an  acid  radicu^  ^ 
used  to  be  known  as  compound  ethers,  but,  as  they  are  reall-^Bly 
ethereal  salts,  they  have  been  given  the  name  oi  esters ^  to  mark  th^m^ 
distinction  and  to  separate  them  clearly  from  the  basic  oxides  c^ — ^^ 
ethers. 

We  may  distinguish  between   the  ethers  of  the  monatomE  ^c 
alcohols  and  those  of  higher  alcohols. 

I.  Ethers  of  the  Monatomic  Alcohols. — ^These  may  hi ^ 

formed  in  several  ways.  By  heating  the  alcohols  with  sulphur^  >c 
acid  the  ethers  can  readily  be  obtained.  The  reaction  goes  on  iJ^c^n 
two  stages,  however,  as  illustrated  in  the  case  of  ethyl  ether : 

{a)  C2H5.OH  +  SOa(OH)a  =  SOa(OH).OCjH5  +  HjO. 

{b)  SOaiOH)OCaHB  +  CaHo.OH  =  CaHo.OCaHo  +  SOjCOH),. 

In  the  first  reaction  a  compound  known  as  ethyl-sulphuric  ac      -id 
(see  p.  616)  is  formed,  which  then  reacts  with  a  second  moleci^«Je 
of  alcohol  to  form  ethyl  oxide  or  ether,  and  sulphuric  add        is 
regenerated.     Another  general  method  for  ether  formation  is     Ito 
treat  the  halogen  derivatives  of  the  hydrocarbons  with  a  sodiLmw 


^j 
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alcoholate  or  with  alcoholic  potash :  CjH^I  +  C^H^.  ONa  = 
CjH^.OCaHa  +  Nal. 

The  ethers  are  very  stable.  Ammonia,  alkalies,  dilute  acids, 
and  metallic  sodium  have  no  action  upon  them.  They  can  be 
changed  back  into  the  corresponding  alcohols  by  superheating 
with  water  in  the  presence  of  some  acid,  such  as  sulphuric. 

Methyl  Ether^  (CHj^gO,  is  prepared  from  methyl  alcohol  and 
sulphuric  acid.  At  ordinary  temperatures  is  a  gas,  but  can  be 
changed  by  pressure  or  cold  into  a  mobile  liquid.  Boils  at  — 21® 
C,  and  burns  with  bluish  flame. 

Ethyl  Ether,  (CaH^),©  (-ffither,  U.  S.  P.),  also  known  popu- 
larly as  **  sulphuric  ether,'*  because  prepared  by  the  aid  of  sul- 
phuric acid.  It  is  prepared  by  the  reactions  given  above.  As  in 
these  reactions  the  sulphuric  acid  is  re-formed  after  serving  to  con- 
vert the  alcohol  into  ether,  it  would  seem  as  if  the  process  might 
be  kept  up  continuously.  In  fact,  it  is  possible  with  small  amounts 
of  sulphuric  acid  to  convert  large  quantities  of  alcohol  into  ether. 
The  method  is  sometimes  called  the  **  continuous  etherification 
process,"  but  a  limit  is  reached  in  the  power  of  the  sulphuric  acid 
because  side  reactions  interfere.  Some  sulphuric  acid  is  reduced 
to  sulphurous  acid,  and  the  slight  impurities  in  the  alcohol  become 
carbonized.  The  temperature  of  the  reaction  must  be  kept  as 
near  140°  C.  as  possible,  as  at  a  higher  temperature  the  acid  acts 
dehydrating  upon  the  alcohol,  and  at  a  lower  temperature  alcohol 
distils  over  unchanged.  The  product  is  washed  with  milk  of  lime 
to  remove  the  sulphurous  acid,  then  rectified,  and  the  water  and 
alcohol  removed  by  chloride  of  calcium.  The  oflicial  ether  is 
composed  of  about  96  per  cent,  by  weight  of  absolute  ether  and 
about  4  per  cent,  of  alcohol  containing  a  little  water. 

To  obtain  absolute  anhydrous  ether,  it  must  be  treated  with 
metallic  sodium  and  again  distilled. 

Common  ether  is  a  transparent,  mobile  liquid,  having  a  charac- 
teristic ethereal  odor,  and  a  burning,  sweetish  taste.  Its  specific 
gravity  is  0.725  to  0.728  at  15°  C,  or  0.714  to  0.717  at  25°  C. 
It  boils  at  about  37®  (the  absolute  ether  boils  at  34.97°)  and  melts 
at  — 117.4^.  It  is  somewhat  soluble  in  water  (i  part  in  10  parts 
n-ater  at  15®  C.)  and  miscible  in  all  proportions  with  alcohol, 
chloroform,  benzine,  benzene,  fixed  and  volatile  oils.  Its  vapor 
is  very  inflammable  and  forms  an  explosive  mixture  with  air. 
Ether  is  a  solvent  for  fats,  resins,  and  many  alkaloids  ;  for  bromine, 
iodine,  phosphorus,  and  a  number  of  salts.  It  is  used  in  medicine 
largely  as  an  anaesthetic. 


In  the  manufacture  of  ether  as  carried  out  on  a  lai^e  seal 
side- products  are  obtained  that  may  be  mentioned.  "Li] 
of  wine"  is  obtained  as  a  liquid,  boiling  between  150°  and 
it  is  a  mixture  of  ethers,  ketones,  and  hydrocarbons.  "\ 
oil  of  wine,"  which  boils  above  300°,  is  a  mixture  of  esO 
sulphuric  acid  and  olefine  hydrocarbons. 

Hoffmann's  Anodyne  (Spiritus  ^thcris  Compositt 
S.  P.)  is  a  mixture  of  ether,  alcohol,  and  ethereal  oil 

Meihyl-etkyl  Elker,  ^^  \  O,  is  an   example  of  the  : 

ethers.      It  is  made  most  conveniently  by  (he  action  of 
iodide  upon  sodium  methylate  : 

CsHbI    +    NaOCH,    =    Nal    +    c'h*}0- 

Methyl-ethyl  ether  is  a  colorless  liquid  of  peculiar  odor, 
boils  at  11°  C.  and  is  very  inflammable.     Compressed  in 
form  in  cylinders  it  comes  occasionally  into  use  as  an  an^ea 
being  recommended  by  Richardson  as  a  substitute  for 
form. 

Al/jl  Elker,  (CgH^),©,  is  the  oxide  of  the  unsaturated 
allyl  and  corresponds  to  allyl  alcohol,  CsHj.OH.     It  boils 

a.  Ethers  of  the  Diatomic  Alcohols.— We  may  hai 
era!  classes  of  compounds  here,  either  the  compounds  of  thi 
radical  and  monad  radicals  like  methyl  and  ethyl  linked  b* 
gen,  or  the  simple  oxides  of  the  dyad  alcohol  radicals, 
we  have  from  C,H,(OH)„  ethylene  glycol.  C,H,  j  ^^  j| 
CaH,(OCj,Ha)j,  or  Cs,H,0,  which  is  simply  ethylene  oxid^ 

Ethylene  Oxide,  (-ij'>0.  may  be  obtained  by  decompos 

halogen  derivatives  of  the  glycols  by  aqueous  alkalies.  I 
meric  with  acetaldehyde  (see  p.  590),  but  does  not  reduce 
niacal  silver  solution  as  does  aldehyde.  It  is  a  strong  baa 
precipitates  the  hydrates  of  magnesium,  aluminum,  coppfl 
iron  from  the  salts. 

3.  Ethers  of  the  Trtatomic  and  Tetratomic  Alcobi 
While  niethenyl  glycerin,  CH(OH)j,  is  unknown 
state,  as  stated  before  (see  p.  580),  its  ethyl  ether 
The  so-called  orthoformic  elher.  CH(OC,HB)a,  is  this  com| 
Boiling  point,  i45°-i46''.  From  propenyl  glycerin  or  co 
glycerin,  CgH,(OH)g,  we  have  similarly  three  ethers:  CaHg( 
OQH„  CgH.COHXOCjHaV  and  QH^'OCHb),.     The 
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The  most  important  of  the  thio-ethers  is  : 

Atlyl  Sulphide,  (CgHj^jS,  known  as  "garlic  oil,"  is  otnained 
from  the  leaves  of  the  garlic  {Allium  sativum)  and  the  seeds  of 
many  of  the  Cruciferae.  It  probably  does  not  exist  originally  as 
such,  but  results  as  a  decomposition  product  from  more  compli- 
cated materials.  It  boils  at  140°.  It  can  also  be  formed  arti- 
ficially from  allyl  iodide  and  potassium  sulphide. 

The  sulphides  of  propyl,  butyl,  and  amyl  have  recendy  been 
identified  by  Mabery  as  present  in  the  crude  petroleum  of  Lima, 
Ohio,  and  in  Canadian  petroleums. 

The  sulphonic  acids  and  salts  contain  the  sulphonic  group, 
HSO3,  combining  directly,  with  the  valence  one,  with  the  hydro- 
carbon radicals.  They  may  be  formed  by  boiling  iodides  of  the 
hydrocarbon  radicals  with  alkaline  sulphites,  CjHjI  +  K,SO,- 
CjH,KSO,  +  KI,  or  by  the  oxidation  of  niercaptans,  sulphides, 
and  sulphocj-anates  with  nitric  acid,  as  before  noted. 

Methyl-suipkonic  Acid,  CHj-SOgH,  has  been  prepared  as  a 
syrupy  liquid. 

Ethyl-sulpkonic  Acid,  CgHj.SOjH,  forms  a  deliquescent  cr^-s- 
talline  solid.  A  derivative  of  this,  am  id  o-ethyl -sulphonic  acid, 
is  known  as  iaurin,  and  is  present  in  the  gall,  in  comhination 
with  cholic  acid,  as  taurocholic  acid. 

Reference  was  made,  under  mercaptans,  to  the  iact  of  their 
combining  with  ketones  to  form  mercaptols.  This  reaction  is  a 
fundamental  one  in  the  preparation  of  the  important  product 
known  as  suiphonal. 

Sulpkonal  (Diethyl-Bulphone-dimethyl-methane), 
PM  SO  C  H 

p,.">C<cqV*h'-     ^'^'^  compound  is  prepared  from  ethyl 

mercaptan  in  two  reactions.  First,  2  molecules  of  the  mercap 
tan  unite  with  i  molecule  of  acetone,  with  the  elimination  of 
water,  to  form  the  corresponding  mercaptol.  This  is  then  ox- 
idized by  an  acidified  potassium  permanganate  solution.  The 
reactions  are  ; 


Suiphonal  forms  colorless,  odorless,  and  tasteless  crystals,  melt- 
ing at  125°— 126°,  and  boiling,  with  slight  decomposition  only,  al 
300°.     More  soluble  in  hot  than  in  cold  water  ;  soluble  in  boiling 
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aloohol.    The  solutions  have  a  neutral  reaction.     If  a  small  quan- 
tity of  sulphonal  be  heated  in  a  small  test-tube  with  powdered 
cHsLKcoal,  the  characteristic  odor  of  mercaptan  is  obtained.     It 
is   ut-sed  very  successfully  as  an  hypnotic  and  soporific. 
^rional  (Diethyl-sulphone-methyl-ethyl-methane), 

q'^»>C<|q«^«[|«.     If,  instead  of  acetone  (dimethyl-ketone), 

take  methyl-ethyl-ketone  for  the  reaction  with  mercaptan, 
obtain  the  product  known  as  trional,  which  forms  colorless, 
lustrous,  and  odorless  crystals,  melting  at  76°,  soluble  in  hot 
water,  easily  soluble  in  alcohol  and  ether.  Its  therapeutic 
action  is  similar  to  that  of  sulphonal,  but  it  is  said  to  act  more 
rapidly  and  in  smaller  doses. 

J^etronal  (  Diethyl-sulphone-diethyl-methane) , 

C  H  ^^^SO  C  H**  is  made  by  using  diethyl-ketone  (propione) 

instead  of  acetone  for  the  reaction  with  mercaptan.  It  forms 
colorless,  lustrous  scales,  which  melt  at  85°,  easily  soluble  in  boil- 
ingr  water  and  in  alcohol,  and  moderately  soluble  in  ether.  It  is 
very  similar  in  its  action  to  trional. 

V.     Aldehydes  and  Ketones. 

In  speaking  of  these  compounds  under  the  head  of  Classifi- 
cation of  Organic  Compounds  (see  p.  552),  they  were  referred  to 
^s  products  of  oxidation  of  the  alcohols.  They  are  alike  in  this 
common  derivation,  but  differ  because  of  a  fundamental  difference 
*n  the  alcohols  from  which  they  may  be  derived.  Thus,  if  a 
primary  alcohol  containing  the  group  — CH^OH  is  oxidized,  it 
first  loses  two  hydrogen  atoms,  and  we  have  the  group  — CO.  H, 
cH^racteristic  of  aldehydes ;  if,  on  the  other  hand,  a  secondary 

^cohol  containing  the  group  CH.OH  is  oxidized,  it  loses  two 

hydrogen  atoms,  and  we  have  the  group  CO,  characteristic  of 


*^^tones.     Conversely,  by  the  action  of  sodium  amalgam  upon 

^^iehydes  we  get  primary  alcohols,  while  the  action  of  the  same 

f^^gent  upon   ketones  gives  us  secondary  alcohols.     Another 

^'^portant  difference  between  the  two  classes  is,  that  aldehydes 

''^^dily  and  in  some  cases  spontaneously  pass  to  a  fuller  stage  of 

Oxidation,  viz.,  acids,  in  which  the  — CO.H  group  is  changed  to 

^  — CO. OH  group,  while  the  ketones  represent  the  final  products 

^  oxidation  of  the  secondary  alcohols. 
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They  have  some  reactions  in  common  and  some  which  are  dis 


tinctive  of  each  class.  Both  aldehydes  and  ketones  combine  wit  _:zh 
alkaline  bisulphites  to  form  crystalline  compounds,  which,  ther^==ae- 
fore,  serve  for  their  extraction  and  purification  when  admixe— =^?d 
with  other  organic  compounds.  Both  combine  with  hydrocyanEr-  ic 
acid  to  form  addition  compounds  known  as  nitriles^  which,  whg-==>n 

saponified,  yield  acids  by  the  change  of  the  CN  group  to  COOI f. 

Both  react  with  mercaptans  (see  p.  587).      Both  unite  with  h; 
droxylamine,  NHj.OH,  to  form  oximes,  known  respectively 
aldoximes  and  ketoximes ;  and  both  unite  with  hydrazines  (st 
Phenylhydrazine,  p.  703)  to  form  a  class  of  compounds 
hydrazones. 

The  most  important  of  the  reactions  which  are  characteris^tinc 
of  aldehydes  alone  are  the  reducing  action  upon  ammoniac 


silver  solutions,  whereby  a  silver  mirror  is  obtained,  and  the  fc^r- 
mation  of  crystalline  addition  compounds  with  ammonia. 

I.  Aldehydes  of  Saturated  Alcohols.    General  formuX^ 

Formaldehyde y  HCO.  H. — A  mixture  of  gaseous  methyl  alcohm  ol 
and  air  is  led  over  gentiy-heated  copper  oxide,  and  the  liqtmid 
obtained  is  carefully  fractioned.  It  has  been  obtained  as  y^^t 
only  as  a  gas  of  pungent  odor,  which  reduces  ammoniacal  silv^*^ 
solution  in  the  cold.  It  polymerizes  very  readily  to  form  par""^- 
formaldehyde,  CgH^Og,  a  white,  crystalline  mass,  or  under  otlm  ^r 
conditions  to  produce  a  substance  known  as  **fonnose,*'  frc^^^ 
which  Emil  Fischer  has  isolated  a-acrose^  a  sugar  of  the  formiJ»  ^ 

Under  the  name  of  **  Formalin*'  a  40-per-cent.  aqueous  sol"*^ 
tion  of  formaldehyde  has  been  introduced  into  medicine.     It 
claimed  for  it  that  it  is  a  non-poisonous  antiseptic  of  great  pow 
and  as  such  has  been  used  in  surgical  practice  as  well  as  for  t 
preser\'ation  of  foods  and  drinks. 

Acetaldehyde ,  CH3.COH. — This   compound,   obtained 
common,  or  ethyl,  alcohol,  was  first  called  aldehyde  from  alco 
dchydrogejiatiim,  to  indicate  that  its  formula  differed  from  that 
alcohol  in  having  lost  two  hydrogen  atoms.     It  is  found  in  bo^ 
crude  wood-spirit  and  grain-spirit,  from  the  latter  of  which  it 
be  obtained  in  the  first  running  of  the  rectifying  stills.     It  is  m 
generally  obtained,  however,  by  the  oxidation  of  ethyl  alco 
with  the  aid  of  sulphuric  acid  and  potassium  dichromate  or  m 
ganese  dioxide.     Ammonia  gas  is  passed  into  an  ethereal  soluti 
of  this  crude  distillate,  and   the   crystalline  aldehyde-ammo; 
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separated  out.  This  compound  is  distilled  with  dilute  sulphuric 
acid,  when  pure  aldehyde  can  be  collected.  It  is  a  colorless, 
mobile  liquid,  boiling  at  21°,  of  a  sharp  and  suffocating  odor. 
In  contact  with  a  little  hydrochloric  or  sulphuric  acid  or  zinc 
chloride  it  quickly  polymerizes  and  yields 

Paraldehyde,  {CJtlfi\  (Paraldehydum,  U.  S.  P.).— This  is 
a  colorless,  transparent  liquid,  with  a  strong,  characteristic,  but 
not  unpleasant  odor,  and  a  burning  and  cooling  taste.  It  melts 
at  10°  C,  and  boils  at  123^-1 25°.  It  is  soluble  in  8.5  parts  of 
water,  and  miscible  in  all  proportions  with  alcohol,  ether,  and 
fixed  or  volatile  oils. 

Another  polymeric  form  of  aldehyde  is  Metaldehyde,  (CjH^O),^, 
which  is  produced  from  aldehyde  at  low  temperatures,  and  is 
crystalline,  subliming  at  Ii2°-ii5°.  When  heated  to  120°  under 
pressure  it  changes  back  to  aldehyde. 

By  the  action  of  chlorine  upon  alcohol  chlorine  substitution 
derivatives  of  aldehyde  are  formed,  one,  two,  or  three  hydrogen 
atoms  being  replaced  by  chlorine.  The  most  important  of  these 
derivatives  is  Trichloraldehyde  (or  Chloral),  CCI3.COH.  This 
is  an  oily  liquid,  boiling  at  98®  C,  of  sharp,  characteristic  odor, 
which  combines  with  sodium  bisulphite,  ammonia,  and  hydro- 
gen cyanide  like  aldehyde,  and  like  it  reduces  an  ammoniacal 
silver  solution.  It  crystallizes  with  one  molecule  of  water  to 
ibrm 

Chloral  Hydrate  (Chloral,  U.S.  P.),  CCI3.COH  +  HaO.— The 
&cts  that  chloral  and  water  combine  with  development  of  heat, 
armd  that  certain  reactions  given  with  chloral  are  not  obtained  with 
cHloral  hydrate,  make  it  possible  that  this  solid  is  not  a  mere 
hydrate,  but  a  true  chemical  compound.  It  forms  monoclinic 
cir>rstals,  fusing  at  57®  and  boiling  at  97°.  It  is  freely  soluble  in 
wsi.'ter,  alcohol,  or  ether ;  also  in  chloroform,  benzine,  benzene, 
cafcjrhon  disulphide,  and  fixed  and  volatile  oils. 

Chloral  is  manufactured  on  a  large  scale  by  saturating  ethyl 
alcrohol  with  chlorine,  first  in  the  cold  and  afterwards  with  the  aid 
of*     heat.     After  cooling  there  separates  out  a  crystalline  mass 

known  as  chhral-alcoholate,  CCl3.CH<Qp  tj       This   is   then 

*^^s*ted  with  strong  sulphuric  acid,  and  when  hydrochloric  acid 
&^^  no  longer  escapes  the  chloral  is  distilled  off.     It  is  again  rec- 
tified and  mixed  with  the  water  necessary  for  the  formation  of  the 
^■^loral  hydrate.     The  action  of  chlorine  upon  alcohol  is  said  to 
"^  aided  by  the  presence  of  substances  known  as  *'  chlorine  car- 


HCOONa,  whereby  chloroform  and  sodium  formate 
purest  chloroform  is  now  made  by  this  method  from 


riers,"  like  iodine.     Ferric  chloride  also  has  been  proj 
which  case  it  is  said  that  the  chlorat-alcoholate  is  not 
an  intermediate  product. 

One  of  the  most  important  reactions  of  chloral  is 

position  by  alkalies  and  the  resulting  production  of  chid 

according    to   the   reaction:    CC!,.COH  +  NaOH  =  q 

1 

chloral  hydrate.     Chloral  hydrate  is  an  important  hypng 
sedative.  ] 

Among  the  compounds  of  chloral  that  deserve  mention  I 
of  their  proposed  use  in  medicine  are  : 

Chloral  CyanhydraU,  CCl,.COH.HCN,  which  foniW 
crystalline  masses,  smelling  like  chloral  hydrate,  and  m<j 
61°,  This  compound  has  been  recommended  for  use  in 
bitter-almond  water,  as  6.46  grammes  of  it  will  contain  ui 
1  gramme  of  anhydrous  prussic  acid. 

Chloral  Ammmium,  CClg.CH(OH)NH„  forms  fin? 
needles,  fusing  at  82°-84°  ;  nearly  insoluble  in  cold  wa 
composed  by  hot  water,  easily  soluble  in  alcohol  and  elhfl 
to  be  a  good  hypnotic  and  analgesic. 

Chloralimide,  CClg.CH=NH,  differs  from  the  prece< 
the  loss  of  the  elements  of  water.  Crystalline  compound 
soluble  in  water,  soluble  in  alcohol  and  ether.  Used  as  i 
notic. 

Chhralformamide  {Chloralamide),  CCla.CHO.HCON 
compound  of  chloral  and  formamide  (see  p.  631).  It  fonu 
lustrous  crystals,  melting  at  ii4°~ii5'';  slowly  soluble 
water,  decomposed  by  hot  water,  readily  soluble  in  \ 
Used  as  a  soporific,  being  decomposed  in  the  blood  into 
and  ammonium  formate. 

Chlorahse,  C^^^C\^Of,  is  the  name  gfiven  to  a  compo 
tained  by  heating  chloral  and  glucose,  according  to  the  n 

CCl,.CO.H    +    C,H„09    =    C,H„ClaOa    +    H,0 

It  forms  fine,  colorless  needles,  melting  at  i84''~i85' 
cultly  soluble  in  cold  water,  more  easily  in  wann  wata 
soluble  in  alcohol.  It  is  recommended  as  an  hypnotic- 
Chloral  also  combines  with  antipyrin  in  two  proportk 
monochloral-antipyrine  (or  hypnat)  and  the  bichloral-ant 
Neither  bromal,  CBr,.CO'H,  nor  iodal,  Cla-COH,  ha 
any  use  in  medicine. 


J 
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Butyraidehydc,  CH3.CHg.CHa.COH,  results  from  the  oxida- 
tion of  butyl  alcohol.  It  is  also  obtained  by  the  oxidation  of 
albuminoids  by  chromic  acid.     Its  chlorine  derivative  : 

Butyl  Chloral,  C^H^ClgO,  also  forms  a  hydrate  which  has  been 
used  in  medicine  as  a  substitute  for  chloral  hydrate. 

CEnanthaldehyde  (CEnanthol),  C^H^^O,  is  an  aldehyde  ob- 
tained in  quantity  by  the  distillation  of  castor  oil  under  reduced 
pressure,  as  the  ricinoleic  acid  of  the  oil  splits  up,  according  to 
the  reaction : 

Ci8Ha403    =■    C7Hi40    4"    ^iiHaoOa. 

CEnanthol  is  a  strongly  refracting  liquid  of  penetrating  aromatic 
(xlor.   Used  in  the  manufacture  of  higher  fruit  ethers  (see  p.  617). 

a.  Aldehydes  of  Unsaturated  Alcohols,  ^^^^-J^* — 
These  correspond  to  the  unsaturated  alcohols  derived  from  the 
oleiine  hydrocarbons.  They  are,  of  course,  unsaturated  bodies 
also. 

Acrolein,  CH3=CH.COH,  is  the  aldehyde  corresponding  to 
allyl  alcohol,  CgH^.OH.  It  is  produced  whenever  glycerin  is  de- 
composed with  loss  of  water ;  hence,  in  the  superheating  or 
distillation  of  the  fats,  as  shown  in  the  reaction  C3H5(OH)3  — 
2H,0  =  C3H4O.  Liquid  of  sharp,  irritating  odor,  causing  tears, 
boiling  at  52.4**. 

Croton  Aldehyde,  C^H^O. — ^The  next  aldehyde  in  this  series  is 
found  in  the  first  runnings  of  raw  spirits.  Sharp-smelling  liquid, 
boiling  at  I04®-I05°.  Reduces  silver  oxide,  and  k  thereby  oxi- 
dized to  crotonic  acid. 

3.  Acetals. — ^The  acetals  result  fi*om  the  union  of  alcohol 
with  aldehydes  with  the  elimination  of  water,  or  from  the  oxida- 
tion of  the  alcohols  when  they  are  produced  along  with  the 
aldehydes. 

OCH 
Meihylal,  HCH<Qptj'i  is  obtained  by  oxidizing  methyl  alco- 

8 

hol  with  sulphuric  acid  and  manganese  dioxide,  fractioning  the 
product,  and  collecting  the  flection  boiling  between  40**  and  50°. 
Mobile,  colorless  liquid,  of  penetrating,  aromatic  odor,  boiling  at 
42®.  It  is  soluble  in  water,  alcohol,  ether,  and  fixed  and  ethereal 
oils.     Used  in  medicine  as  an  hypnotic. 

Acetal,  CH8.CH<Q^«|^»;  is  formed  by  the  reaction  : 


I 


CH-CHio  +  g|g§H:  =  cH8.cH<gg;3;  +  H.a 

38 
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Is  found  also  in  the  raw  grain  spirit  when  filtered  through  ch 
coal.  Colorless  liquid  of  agreeable  taste,  boiling  at  104^,  sligh 
soluble  in  water,  very  soluble  in  alcohol  and  ether. 

4.  Ketones. — ^The  ketones  are  most  readily  distinguish 
from  the  aldehydes  by  their  behavior  to  oxidizing  agents.  Th 
are  not  affected  by  weak  oxidizing  agents ;  hence  ammonia 
silver  solution  is  not  reduced  by  them  as  it  is  by  aldehyd 
Chromic  acid  and  energetic  oxidizing  agents  act  upon  the 
but  the  ketone  molecule  is  broken  up  thereby,  and  they  yi 
acids  with  a  smaller  number  of  carbon  atoms.  Thus,  acetorm 
CH3 — CO— CH3,  when  oxidized  yields  acetic  acid,  CH3COO 
COj,,  and  HaO. 

The  ketones  show,  like  the  aldehydes,  a  tendency  to  conde 
or  polymerize.  With  acetone  this  condensation  (by  heating 
the  presence  of  concentrated  sulphuric  acid)  gives  rise  to  m 
tylene,  an  aromatic  hydrocarbon  : 

CHa 


i, 


:(0) 

CH(H»)  CH(Ha) 
CHa— C(0)        C(0)— CHa 
C;H(Ha) 


CHa 
C 
CH  CH 
CHa— C     C— CHa 

Yh 


+    $H^OP^ 


Dimethyl'ketane  (Acetone),  CHa — CO — CHa,  ^  found  in 
amount  in  normal  human  urine,  in  the  blood,  and  in  secretions  ^ 
the  amount  is  notably  increased  in  cases  of  disease  like  diab^^*^ 
mellitus.  It  is  contained  in  crude  wood-spirit,  and  is  a  prod 
of  the  distillation  of  sugar,  gums,  cellulose,  etc.  Technically 
obtained  by  the  dry  distillation  of  calcium  acetate,  according^ 
the  reaction  : 


is 

€0 


CH::§S>f!.|    =    CH,.CO.CH.    +    CaCCV 

Is  a  liquid  of  ethereal,  refreshing  odor,  boiling  at  56**  C.     Soltm 
in  water,  alcohol,  and  ether.     Sodium  amalgam  reduces  it  to 
propyl  alcohol.      A  trace  of  acetone  may  be  detected  by 
addition  of  a  solution  of  iodine  in  potassium  iodide  along  witt»    ^^ 
alkali,  when  iodoform  is  obtained,  the  odor  and  color  of  wti.«^^" 
arc  distinctive.     Acetone  is  used  largely  as  a  solvent  for  resi^^f' 
and  in  recent  years  in  the  manufacture  of  chloroform  (see  p.  5^^  ^' 
Mdhyl-cthyl  Ketone,  CHj-CO-CaHa,  is  also  contained  in  cni^^ 
wiHid-spirit. 


le 
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Metkyl-nony I  Ketone^  CH3.CO.CaH1,  is  the  chief  constituent 
of  oil  of  rue,  from  Ruta  graveolens.  Oil  of  pleasant  odor,  boiling 
at  224®.  Yields  on  oxidation  acetic  and  nonylic  (pelargonic) 
adds,  the  latter  of  which  is  used  in  the  manufacture  of  fruit 
ethers. 

VI.    Acids  and  Derivatives  of  Acids. 

In  speaking  of  the  distinction  between  aldehydes  and  ketones 
(see  p.  589),  mention  was  made  of  the  fact  that  aldehydes  as  the 
product  of  the  oxidation  of  primary  alcohols  did  not  represent 
the  final  result  of  oxidation,  but  that  the  COH  group  of  the  alde- 
hyde readily  changed  to  a  COOH  group  by  a  more  complete 
oxidation.  We  may  illustrate  this  by  the  example  of  ethyl  al- 
cohol :  CHa-CHgOH,  ethyl  alcohol ;  CHg-COH,  acetaldehyde ; 
CH3COOH,  acetic  acid. 

The  group  which  is  taken  as  characteristic  of  the  acid  is 
— CO. OH,  known  as  "carboxyl,"  and  the  presence  of  one  such 
gjoup  gives  us  a  monobasic  organic  acid.  If  the  alcohol  con- 
tain two  groups  — CH3OH,  as  in  diatomic  alcohols,  the  complete 
product  of  oxidation  will  contain  two  groups  — COOH,  and  we 
shall  have  a  dibasic  acid. 

The  organic  acids,  like  the  alcohols,  are  hydrates, — that  is,  con- 
tain the  OH  group  combined  with  a  radical, — but  they  are  acid 
hydrates  instead  of  basic  hydrates.  Therefore  the  radical  which  is 
present  combined  with  the  — OH  is  spoken  of  as  an  acid  radical, 
while  the  alcohol  radical  was  a  basic  radical.  We  shall  see  that 
the  acid  radical  always  bears  a  very  simple  relation  to  the  alcohol 
or  basic  radical  from  which  it  has  been  derived.  What  the  dif- 
ference is  may  be  seen  by  comparing  the  formulas  given  above. 
Ethyl  alcohol,  CHgCH^OH,  contains  the  radical  ethyl^  C^Hg. 
combined  with  OH,  while  acetic  acid,  CH3.CO.OH,  contains 
the  radical  acetyl,  CH3CO,  combined  with  OH.  The  acid  radical 
we  find  to  be  formed  from  the  alcohol  radical  by  the  exchange  of 
two  H  atoms  for  an  O  atom. 

I.  Saturated  Monobasic  Acids  (^Fatty  Acid  Series), 
C.Hj^Oj. — ^These  are  formed  from  the  primary  monatomic  alco- 
hols of  the  paraffin  series  by  oxidation.  They  may  also  be  formed 
from  the  cyanides  of  the  hydrocarbon  radicals  next  lower  in  the 
series  by  saponification,  as  in  the  reaction  : 

CH8.cn    -f    2H3O    =    CH3.COOH    4-    NH3; 

that  is,  methyl  cyanide  will  yield  acetic  acid  and  ammonia.     By 
this  means  we  may  pass  up  the  series  from  one  hydrocarbon  or 
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:ilcuhol  radical  to  the  acid  corresponding  to  the  next  hig 
drocarbon. 

The  higher  members  of  this  series  of  acids  occur  abu 
in  nature,  in  the  natural  fats  and  oils  combined  with  glyce; 
in  the  waxes  with  monatomic  alcohols  as  base,  to  form  e 
salts. 

TABLE  OF  THE  SATURATED  MONOBASIC  ACIl 
(FATTY  ACIDS). 


Formic 

Propionic  .... 
Biilj-ric.  Normal . 
BuljTJc.  Iso  .  .  . 
\'nleric,  Normal . 
Valeric,  iso  .   .  . 


Mtth  y  l-eth  yl-  acetic 
Trim  ethyl-acetic     . 


Ojpr, 


(Kn;ii«hic .   . 
rflai);unic    . 


Triiliiylic 


I'l-iilinkt-ylic  .  . 
i'aliuitic  .  .  .  . 
Marjriirii-   .    .    .   . 


H.COOH 

CH,.COOH  .... 
CH,.CH,.COOH  .  - 
CHg.(CHa)-.COOH  . 
(CH,),=C  H.COOH 
CM..  (CH,)..  COOK  . 
(CH,i,=Cfi.CH»CO( 
^  >CH.COOH  . 
1?hJ  ,=C-COOH  . 

C,H«0, 

CtH,,0, 

C,H,,0. 

C»H,^- 

C,oH„0. 

C„H„0, 


Cu|H,oO,. 
Ci,H„0,. 

C„Hj,D,. 
C»HmO,. 
C„H„0,. 
'  C«H„0,. 

■  c*H«o;. 


Liquid. 

Liquid. 
35! 


■  Boiling  points  under  ■  pronm  of  too  nun. 

R'rmtV  Add,  HCO.OH,  was  first  obtained  firun  the  bo 
.ims  ■^Frrm.Ya  rufa^,  whence  the  name.  It  also  occure 
Iristlis  .'f  tho  stinging  nettle,  the  fniit  of  the  soap-tree, 
l,iin,iri;:«!s  .md  fir-cunes  ;  ;il*o  in  perspiration,  urine,  and  tl 
i'!'  ;Usli.  It  is  in,«Ie  artificially  by  a  variety  of  reaction: 
I'l  »!r..-h  :irt'  dirtxt  svnthesiL^  from  inorganic  materials. 
|!m'  .i.i!ii:',  of  moist  o.irbon  monoxide  upon  dr>'  sodium  I 
i.or.  littiT.  gr.m-.ii.ir  siHl.i-limo'i  at  temperatures  of  ido'-io 
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give  us  a  rapid  and  abundant  production  of  sodium  formate : 
CO  +  NaOH  =  HCO.ONa. 

It  may  also  be  obtained  by  the  oxidation  of  methyl  alcohol ; 
by  the  reaction  of  water  upon  hydrogen  cyanide  in  the  presence 
of  acids  or  alkalies,  according  to  the  reaction  HCN  +  2HjO  = 
HCOOH  +  NH3 ;  by  the  decomposition  of  chloroform  and 
chloral  by  alkalies ;  or,  finally,  by  the  heating  of  oxalic  acid  in 
the  presence  of  glycerin.  This  method  is  the  one  usually  em- 
ployed, as  the  glycerin  is  regenerated  and  so  can  convert  large 
quantities  of  oxalic  acid  into  formic  acid.     The  reactions  are  : 

COOH 
CaH5(OH)8    +      I  =    C8H5(OH)aOCHO     +   CO,  +   H,0. 

COOH 

C8H5(OH)aOCHO    +    HgO    =    HCOOH    +    C8H5(OH)8. 

Formic  acid  is  a  colorless  liquid  with  penetrating  odor.  The 
liquid  produces  a  painful  inflammation  if  dropped  upon  the  skin, 
but  acts  as  a  powerful  antiseptic  in  dilute  solution.  Formic  acid 
in  solution  may  be  recognized  by  the  reducing  power  it  exerts 
upon  silver  and  mercury  salt  solutions.  Thus,  metallic  silver  is 
separated  out  on  heating  formic  acid  with  silver  nitrate  solution, 
while  white  calomel  is  separated  out  on  adding  formic  acid  to 
corrosive  sublimate  solution.  Formic  acid  unites  with  inorganic 
bases  to  form  salts  ca^^  formates,  all  of  which  are  easily  soluble 
except  the  lead  and  mercurous  salts.  The  formates  containing 
organic  bases  will  be  spoken  of  under  "  Esters." 

Acetic  Acid,  CH3.COOH,  was  known  to  the  ancients  in  the 
form  of  wine  vinegar,  and  in  a  purer  and  more  concentrated  form 
to  the  alchemists.  It  is  found  partly  free  and  partly  combined  with 
potassium  and  calcium  in  various  plant  juices,  and  in  the  perspira- 
tion, milk,  urine,  muscles,  and  excrementa  of  animals.  It  results 
from  the  fermentative  decomposition  of  albuminoids  and  glue, 
and  the  dry  distillation  of  wood,  starch,  and  sugar.  A  complete 
synthesis  of  it  has  been  accomplished  by  the  oxidation  of  acety- 
lene, which  (see  p.  565)  can  be  built  up  from  carbon  and  hydro- 
gen.    Thus,  CH=CH  +  H3O  +  O  =  CH3COOH. 

The  two  great  sources  of  acetic  acid,  however,  are  the  acetic 
fermentation  of  alcoholic  liquids  (see  Fermentation),  and  the  dry 
distillation  of  wood.  As  made  from  this  latter  source  it  is  known 
as  *  *  pyroligneous*  *  acid,  and  is  quite  impure  from  the  presence 
of  creosote  and  other  empyreumatic  products  found  in  wood-tar. 
It  is  purified  by  neutralizing  with   milk  of  lime,  whereby  the 
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• '  brown  acetate  of  lime' '  is  obtained.  This  is  purified  by  roasting 
off  the  tarry  impurities,  decomposed  with  hydrochloric  add,  and 
the  acetic  acid  distilled  off.  It  may  be  further  purified  by  the 
recrystallization  of  the  sodium  salt. 

Acetic  acid  when  pure  is  a  strongly  acid  liquid  of  pungent  odor, 
burning  the  skin,  and  solidifying  in  the  cold  to  crystalline  plates, 
melting  at  17°,  and  boiling  at  118°,  sp.  gr.  at  15°  1.055.  This 
is  known  as  glacial  acetic  acid  (Acidum  Aceticum  Glaciale, 
U.  S.  P.).  Two  other  strengths  of  acid  are  also  official,  one 
containing  about  36  per  cent,  by  weight  of  absolute  acetic  add 
(Acidum  Aceticum,  U.  S.  P.),  and  a  still  more  dilute  acid  con- 
taining 6  per  cent,  by  weight  of  absolute  acetic  acid  (Acidum 
Aceticum  Dilutum,  U.  S.  P.). 

The  glacial  acetic  acid  has  a  strong  solvent  power  for  many 
organic  substances,  and  hence  is  frequently  used  as  a  solvent 
from  which  to  crystallize  out  organic  preparations.  Acetic  acid 
may  be  detected  by  first  neutralizing  with  ammonia  and  then 
adding  ferric  chloride,  when  a  blood- red  color  of  ferric  acetate  is 
obtained,  which  color  is  destroyed  by  heating  with  hydrochloric 
or  sulphuric  acids,  or  by  heating  with  alcohol  and  sulphuric  acid, 
when  the  characteristic  odor  of  acetic  ether  is  obtained. 

The  salts  of  acetic  acid  are  known  as  acetates.  All  the  neutral 
salts  are  soluble  in  water,  but  insoluble  basic  acetates  of  several 
of  the  heavy  metals  are  obtained.  The  official  metallic  ac^ 
tates  are  : 

Potassii  Acctas,  U.  S.  P.,  KCaHgOa.— A  white,  deliquescent 
salt,  odorless,  and  of  a  saline  taste,  readily  soluble  in  water  s^ 
alcohol. 

Sodii  Acetas,  U.  S.  P.,  NaCjHaOa+sHaO.  —  Colorless^ 
monoclinic  prisms,  odorless,  and  of  saline  taste,  efflorescing  in  ^^ 
air.     Soluble  in  water,  less  readily  soluble  in  alcohol. 

Plumbi   Acctas,  U.S.  P.,    Pb(C,H30,)a  +  sHaO.— Far^i^ 
colorless,  shining,  transparent,  monoclinic  prisms,  with  &indy  ^^^ 
tous  odor,  and  a  sweetish,  astringent,  and  metallic  taste.     E^  . 
rescent,  and  absorbing  carbon  dioxide  in  air,  easily  soluU^ 
water,  and  moderately  soluble  in  alcohol. 

Zinci  Acetas,  U.  S.  P.,   Zn(CaH30a)a+2HaO.— Soft,  wbx^^ 
monoclinic  plates,   of  pearly  lustre,   faintly  acetous  odor,   ^^ 
astringent,  metallic  taste.    Gradually  effloresces  in  the  air.    ^Ej^^y 
soluble  in  water,  moderately  soluble  in  alcohol. 

Besides  these  crystalline  salts,  we   have  several  acetates  ^*' 
ficial   in   solution,   as  Liquor  Ammonii  Acetatis,  U.  S I^-  ^ 
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CH 
Isovaleric  add,  pTT^^CH.CHgCOOH,  is  found  abundantlyr  \ti 


dolphin  oil  and  in  the  root  of  Valeriana  ojfficifiaiis.  It  is 
found  in  human  excrement,  and  is  a  product  of  the  decompc^si- 
tion  of  albuminoids,  hence  its  occurrence  in  old  cheese.  It  n-^.ay 
be  obtained  most  readily  by  the  oxidation  of  the  amyl  alcohol  of 
fermentation  by  the  aid  of  sulphuric  acid  and  potassium  bich  -wo- 
mate.  Liquid  of  strong,  unpleasant  odor  of  valerian,  boilings  at 
175°.  Several  of  the  metallic  valerianates  are  of  importance  in 
medicine.     These  are : 

Ammonii    Valerianas,   U.  S.  P.,  NH^CaHgOa-— Colorlesss, 
crystalline  plates,  with  the  odor  of  valerian,  of  a  sharp,  sweetish 
taste,  and  deliquescent  in  moist  air.     Soluble  in  water,  alcohiol, 
and  ether. 

Ferri  Valerianas,  U.  S.  P. — Fbrms  a  dark  brick-red,  am- 
phous  powder,  with   the  odor  of  valerian,  and  a  mild,  styp> 
taste  ;  permanent  in  dry  air. 

Zinci  Valerianas,  U.S.  P.,  Zn(QH,0a)a+2H,0.— Whi 
pearly  scales,  having  the  odor  of  valerianic  acid,  and  a  sweetL± 
astringent,  and  metallic  taste.     Not  very  soluble  in  water,  m 
soluble  in  alcohol. 

The  other  varieties  of  valeric  acid  are  only  of  theoretical  i  *^' 
terest  as  yet. 

Caproic  Acidy  CgHjiO.OH. — The  normal  caproic  acid  is  foum  «'^d 
in  cocoanut  oil  and  Limburg  cheese,  and  is  produced  in  -C^^^^ 
butyric  fermentation  of  sugar  and  the  oxidation  of  albuminoi^^^-^ 
and  as  glycerin  ester  in  butter  made  from  goat's  milk.  Li^*^ 
valeric  acid,  it  has  a  very  persistent  and  unpleasant  odor  ^^ 
perspiration  and  rancid  butter. 

Caprylic  Acid,  CgHigO.OH,  is  found,  with  caproic  and  cap>^^^^ 
acids,  in  the  butter  from  goat's  milk  (whence  the  names),  and-  ^ 
butter,  cheese,  and  wine  fusel  oil.  ^ 

Pelargonic  Acid,  CgH^O.OH,  is  found  among  the  vola**^^^ 
constituents  of  the  plant  Pelargonium  roseum, 

Laurie  Acid,  C^^^O^,  is  contained  as  glyceride  in  the  oil  fr< 
Laurus  nobilis,  as  well  as  in  cocoanut  oil,  pichurim  beans,  d 
bread,  and  in  spermaceti.  ^ 

Myristic  Acid,  ^x^'^^^^  ^^  contained  in  nutmeg  butter  anA  ^  " 
oil  of  iris.  Small  quantities  have  also  been  found  in  butter  ^-^"^^ 
in  spermaceti. 

Palmitic  Acid,  CjgHgjO.OH,  is  found  abundantly  in  combin^^' 
tion  with  j^lycerin  as  an  ester  **  palmitin"  (see  p.  6i9\     The  aci^ 
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is  distilled  with  oxide  of  lead.  Unpleasant,  acrid,  and  penetrat- 
ing smelling  liquid.  Crystallizes  when  cooled.  Boiling  point 
140°  ;  easily  soluble  in  water. 

Crotonic  Acidy  C^H^Oj. — ^Three  isomeric  varieties  are  known, 
of  which  the  first  and  the  second  occur  in  crude  pyroligneous 
acid,  while  the  third  is  found  in  Roman  chamomile  oil. 

Angelic  Acid  and  Tig  lie  Acid^  CgHgO,. — The  former  of  these 
isomeric  acids  is  found  in  angelica  root  as  well  as  in  Roman 
chamomile  oil,  where  it  is  present  as  an  ester ;  the  latter,  also, 
in  the  Roman  chamomile  oil  as  amyl  ester. 

Hypogaic  Acid  and  Physetolic  Acid,  CieHjoO,. — The  former  of 
these  isomeric  acids  is  found  in  the  fruit  of  the  earth-nut  (Arackis 
hypogaa)  as  glyceride,  and  forms  crystals,  melting  at  33® ;  the 
latter  is  found  in  sperm  oil  (from  the  head  of  Physeier  macro- 
cephalus),  and  melts  at  30°.  The  first  acid  yields,  on  distilla- 
tion, sebacic  acid,  while  the  second  does  not  yield  this  product ; 
the  first  is  changed  by  nitrous  acid  into  an  isomeric  modification, 
the  second  is  not  aflfected  by  nitrous  acid. 

Oleic  Acid,  C^^yfi^  (Acidum  Oleicum,  U.  S.  P.),  b  fouad 
abundantly  in  nature  as  glyceride  in  all  the  fat  oils,  both  vegetable 
and  animal.     A  colorless  oil,  forming  white  needles  when  chilled.  - 
Melting  point  14°.     The  oil  has  a  sp.  gr.  of  about  0.900  at  15°  C  - 
It  is  insoluble  in  water,  soluble  in  alcohol,  chloroform,  benzene  » 
benzine,  oil  of  turpentine,  and  fixed  and  volatile  oils.     It  canned  ■ 
be  vaporized  without  decomposition.     A  small  quantity  of  nitroui 
acid  changes  it  into  the  isomeric  Elaidic  ctcid,  which  is  white  aa 
crystalline,  fusing  at  45°. 

Doglinic  Acid,  C^^W^O^,  found  as  glyceride  in  the  oil  o 
Balana  rostrata  (dpgling  whale).     Oil  solidifying  at  low 
peratures. 

Erucic  Acid,  CaaH^jjOj,  is  found  in  black  and  white  mustar"*^^ 
seed  oil.  It  forms  needles  melting  at  33°-34°.  With  a  sm»--** 
quantity  of  nitrous  acid,  is  changed  into  the  isomeric  brassi^^'^ 
acid. 

3.  Unsaturated  Monatomic  Acids  {Propiolic  Acid  Serii^^  "^ 
C„Hj„_402. — The  acids  of  this  series  correspond  to  the  acetyls "^^^ 
hydrocarbons,  and  are  capable  of  adding  on  four  atoms  of  halog^^^^ 
like  iodine.  They  may  be  formed  by  the  direct  addition  of  c^^" 
bon  dioxide  to  the  sodium  compounds  of  the  acetylene  hydx^^^* 
carbons,  as : 

CH=CNa        +         CO,       =       CH=C.COONa. 

Acetylene-sodium.  Propiolate  of  Sodium. 
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glue  or  silk  with  alkalies  or  acids,  by  the  decomposition  of  hip 
puric  acid  (see  p.  720)  with  hydrochloric  acid,  or  by  heating 
monochloracetic  acid  with  ammonia.  It  forms  large,  colorless, 
rhombic  prisms,  easily  soluble  in  water,  insoluble  in  absolute 
alcohol  and  ether  ;  melts  with  decomposition  at  232®  to  236°. 
As  an  amido-acid  it  unites  in  itself  both  the  properties  of  a  base 
and  an  acid.  It  forms  a  hydrochlorate  on  the  one  hand,  and  a 
well-crystallized  copper  salt  on  the  other.  Substitution  deriva- 
tives from  glycocoll  are  also  obtained  by  the  replacement  of  the 

CH,.NH, 
hydrogen  of  the  amido  group.     Thus,  from  glycocoll,   |  , 

COOH 

CHa.NH(CH3) 
we  obtain  methyl-glycocoU,  or  sarcosine,  I  ,  which 

COOH 

is  a  decomposition  product  of  creatine  and  caffeine  (see  p.  667), 

CH,.N(CH3),  . 

and  trimethyl-glycocoll,    or  betalney     \  ^-^        ,  which 

co.o 

contained  in  beet-root  and  cotton-seed,  and  is  related  to  chohn 

Amido-propionic  Add,  CH3.CH  (NH,).COOH,  is  also  kno*r 
as  '*  alanine.**     It  can  be  obtained  by  the  action  of  dilute  aa 
upon  silk  or  the  action  of  hydrocyanic  acid  upon  aldehyde-ai 
monia.     Hard  needles  of  sweetish  taste. 

AmtdO'butyric  Acid,  NHa.(CHa)3.COOH  .—One  of  the  amid 
butyric  acids  is  piperidinic  acid,  which  results  from  the  oxidati( 
of  piperyl-urethan. 

AmidO'Valeric  Acid,  NH3(CH3\. COOH.— One  of  the  amid*: 
valeric  acids  has  been  obtained  in  the  decomposition  of  fibrx  ^* 
and  flesh,  and  of  conine  and  piperidine  derivatives,  and  hasal^*^^ 
been  found  in  the  pancreas  of  the  ox. 

Amido-caproic  Acid,    C3Hio(NHa)COOH.  —  This    importar*^ 
substance  is   known  also  ab   **  leucine,'*    and   is  found  widely'' 
spread  in  both  animal  and  vegetable  material.     It  is  found  inol^ 
cheese,  in   the  animal  organism  in  the  gastric  salivary  gland,  an.^ 
along  with  tyrosine  is  a  constant  product  of  the  digestion  o^ 
albumen  in  the  small  intestine  and  of  the  decay  of  albumino^J-^ 
substances  ;  it  is  also  found  in  the  shoots  of  the  vetch  andtfi^ 
gourd.     Most  conveniently  made  by  boiling  clippings  of  honi 
with  dilute  sulphuric  acid.     Forms  scales  soluble  in  water.  difS' 
cultly  soluble  in  cold,  more  readily  soluble  in  hot  alcohol.    Leu- 
cine  is  dextro-rotatory,   but  is  made  inactive  by  heating  witfl 
baryta  water. 
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inactive  ethylidene-lactic  acid  (lactic  acid  of  fermentation)  and 
the  active  ethylidene-lactic  acid  (sarco-lactic  acid). 

Fermentation  lactic  acid  (Acidum  Lacticum,  U.  S.  P.)  oc- 
curs in  opium,  sauerkraut,  the  gastric  juice,  and  the  gray  matter 
of  the  brain.  It  is  produced  by  the  lactic  fermentation  of  sugar 
(see  p.  656),  and  hence  contained  in  such  products  as  sour  milk, 
koumiss,  kefir,  etc.  The  official  lactic  acid  contains  75  per  cent 
of  absolute  lactic  acid,  and  is  a  colorless,  syrupy  liquid,  odorless, 
of  acid  taste,  and  sp.  gr.  about  i. 213  at  15°.  It  is  hygroscopic, 
and  freely  miscible  with  water,  alcohol,  or  ether ;  insoluble  in 
chloroform,  benzine,  or  carbon  disulphide.  Lactic  acid  when 
heated  in  dry  air  gives  rise  to  characteristic  anhydrides.  Thus, 
2C3H3O3  —  HjO  =  CeHjoOj,  Lacitc  Anhydride,  and  this  at  a 
higher  temperature  again  loses  a  molecule  of  water,  yielding 
Ladidcy  CeHgO^,  a  stable  compound  crystallizing  in  colorless 
tablets,  melting  at  125°,  and  boiling  undecomposed  at  255^ 
The  official  metallic  lactates  are  : 

Ferri  Lactas,  U.  S.  P.,  Fe(C3H503)a  +  3H,0.  —  This  salt 
is  in  pale,  greenish -white  crusts  or  needle-shaped  crystals,  with  a 
slight,  peculiar  odor,  and  a  mild,  sweetish,  ferruginous  taste. 
Slowly  but  completely  soluble  in  water,  almost  insoluble  in  alco- 
hol, freely  soluble  in  solutions  of  alkaline  citrate. 

Strontii  Lactas,  U.  S.  P.,  Sr(C8H503)a  +  3HjO.— A  white, 
granular  or  crystalline  compound,  odorless,  and  of  a  slighdy  bitter, 
saline  taste.     Permanent  in  air.     Soluble  in  water  and  alcohol 

Sarco-lactic  (or  Para-lactic)  acid  is  found  in  the  muscles  (hence 
also  in  extract  of  beef),  in  the  blood,  and  in  the  urine  after 
strong  muscular  exertion.  It  is  the  dextro-rotatory  modification, 
and  can  be  produced  together  with  the  laevo-rotatory  modifica- 
tion by  splitting  up  the  inactive  or  ordinary  lactic  acid.  This  is  ac- 
complished by  the  fractional  crystallization  of  the  strychnine  salt- 

Ethylene-lactic  (or  Hydracrylic)  acid  forms  a  syrupy  mass.  I* 
differs  from  ordinary  lactic  acid  in  yielding  carbonic  and  oxali^ 
acids  on  oxidation  instead  of  acetic  acid,  and  in  not  yielding  *^ 
anhydride  on  heating,  but  breaking  up  into  water  and  acrylic  acicJ* 
whence  the  name  hydracrylic. 

Oxy butyric  Acid,  C3HeOH.COOH.  —  An  optically  activ^ 
(leevo-rotatory)  modification  of  this  acid  is  found  in  the  urin^ 
and  the  blood  of  diabetic  patients. 

The  dibasic  acids  result  when  the  diatomic  alcohols  are  0^*^ 
dized  with  nitric  acid  or  by  the  saponification  of  the  cyanog^^ 
derivative  of  the  fatty  acids. 
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Pyrotartaric  Acid,  COOH.CaHe.COOH.— Of  the  several  iso- 
meric forms,  the  most  important  are  glutaric  acid,  the  normal 
pyrotartaric  acid,  which  is  found  in  suint  of  sheep's  wool  and  in 
juice  of  the  beet-root,  and  methyl-succinic  acid. 

Of  the  higher  acids  of  this  series  may  be  mentioned  Adipic 
Acid,  (CHj;'4.(COOH}j,  obtained  by  the  oxidation  of  the  fats  by- 
nitric  acid  ;  Suberic  Acid,  ^^xJ^^,  obtained  by  the  action  of  nitric 
acid  upon  cork  tissue  ;  Sebacic  Acid,  C1QH13O4,  obtained  by  ih^ 
dry  distillation  of  spermaceti  and  fats  containing  oleic  acid ;  and 
Roccllic  Acid,  ^y^^S^^y  found  in  the  lichen  Rocella  fiuiformis. 

From  unsaturated  alcohols  containing  two  CHj.OH  groups 
may  also  be  prepared  acids  which  will,  of  course,  show  the  un- 
saturated character.  They  bear  to  the  acids  just  described  tHe 
same  relation  that  the  oleic  acid  series  does  to  the  fatty  acid  series- 
They  have  the  general  formula  C„Hg„_404.  The  most  important 
are  : 

Fiimaric  and  Maieic  Acids,  C^HjCCOOH),. — The  first  of  thes*'^ 
isomeric  acids  is  found  in  Fumaria  officinalis,  in  mushrooms,  ar»  ^^ 
in  Iceland  moss.     It  is  formed  from  malic  acid  by  the  lossc^^ 
water,  and  from  albuminoids  by  the  action  of  aqua  regia.     Unde 
the  influence  of  nascent  hydrogen,  it  takes  up  two  H  atoms  an 
yields  succinic  acid.     When  heated  strongly  for  a  time  it  change 
into  the  isomeric  maleic  acid.     This  acid  may  al^o  be  obtaine 
by  the  distillation  of  malic  acid.     It  is  more  soluble  in  water  tha 
fumaric  acid. 

6.  Acids   derived  from  Triatomic   and   Higher  Alco^ 
hols. — No  matter  what  the  number  of  OH  groups  contained  i: 
the  alcohols,  whether  three,  as  in  the  glycerins,  or  four,  five, 
six,  the  presence  of  a  group,  CH^OH,  gives  rise  to  the  aci 
character  in  the  products  of  oxidation,  and  the  basicity  of  the  ad 
depends  upon  the  number  of  the  CH^.OH  groups  so  changed 
COOH. 

Glyceric  Acid,  CHjOH.CHOH.COOH,  results  from  the  car 
fill  oxidation  of  glycerin  with  nitric  acid,  and  is  obtained  also 
the  spontaneous  decomposition  of  nitroglycerin.     Syrup,  solub 
in  water  and  alcohol. 

Tartroyiic  Acid,  COOH. CHOH. COOH,  results  from  theo-i— =^/' 
elation   of  glycerin  with  potassium   permanganate.      Prisma^K^^*^ 
crystals  easily  soluble  in  water  and  alcohol,  difficuldy  soluble         ^'' 
ether.     Melting  point  185°. 

Malic  Acid,  COOH.CHa.CHOH.COOH,  known  alsoasa^^^X" 
succinic  acid,  is  very  widely  distributed  in  the  vegetable  kn 


^ 


dom,  being  found  in  unripe  apples,  quinces,  grapes, 
etc.  It  may  be  formed  also  from  succinic  acid,  on  die 
by  replacing  an  H  atom  by  OH.  or  from  tartaric 
other  hand,  by  reduction  with  HI. 

It  forms  hygroscopic  needles,  easily  soluble  in  water 
hoi,  only  slightly  soluble  in  ether.  Melting  point  loo'.  I 
to  i2o''-i30  it  yields  fumaric  acid,  and  at  ijj'-iSo"  M 
is  formed. 

The  amides  and  amines  of  malic  acid  will  be  considered 

Tri<arballylic  Acid,  C^Hj.fCOOH),,  occuis  in  unrig 
and  is  prepared  synthetically  from  glycerin  through  d 
vention  of  the  bromine  and  cyanogen  compounds  of  th^ 
radical,  CaH^.  Its  relations  to  citric  and  aconitic  acids 
from  the  table,  and  it  can  be  formed  from  both  by  sin^ 
tions.     It  forms  prisms,  melting  at  i66°,  soluble  in  watQ 

Aconitic  Acid,  CaHjCCOOH),.  is  an  unsaturated  aCM 
found  in  nature  in  Aconitum  ttapellus.  Achillea  fnillen 
the  sugar-cane,  and  the  beet-root.  It  is  also  readily  prq 
quick  heating  of  citric  acid,  when  a  molecule  of  H^O 
It  forms  crystals,  melting  at  i86°.     Easily  soluble 

Erytkriiic  Acid,  C,H,(0H)CO0H,   is  formed  by 
tion  of  erythrite  with  nitric  acid  or  platinum  black. 

Tartaric    Acid,     COOH.CHOH.CH.OH.COOH     „ 
Tartaricum,  U.  S.  P.),  is  sometimes  known  also  as  dj 
cinic  or  oxy-nialic  acid,  in  order  to  indicate  its  relations: 
well-known  acids,     Tartaricacid  exists  in  iQ\xx phyiicaiM 
modifications :  dextro- tartaric,  Isevo- tartaric,  racemic  of 
tartaric,  and  meso-tartaric.     The  first  of  these  is  the  i 
occurring  variety.     It  occurs  partly  free  and  partly  as  pj 
or  lime-salt  in  the  juice  of  the  grape  and  other  fruits,    t 
potassium  tartrate  which  is  found  in  the  grape  juice  j 
insoluble  as  fermentation  proceeds,  and  the  liquid  becoa 
holic  and  separates  as  "  argols"   in  the  wine-casks,   j 
purified  by  conversion  into  the  lime-salt  from  which 
liberated  with   HjSO,.     The  pure  acid  forms  colorli 
clinic  prisms  or  white  powder,  with  an  acid  taste,  and 
in  the  air.     Is  soluble  in  water  and  alcohol,  difficulUy 
ether,    nearly   insoluble   in    chloroform,    benzene, 
Melting  point  133°,     It  reduces  an  ammoniaca!  ! 
upon  warming.     When  strongly  heated,  carboni: 
off  a  characteristic  "caramel"   odor.     The  most  imj 
tratcs  are : 
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Neutral  Potassium  Tartrate,  ^^^^fi^-\-^^J^^  which  forms 
monoclinic  prisms  easily  soluble  in  water. 

Acid  Potassium  Tartrate,  YMC^fi^,  or  Potassii  Bi- 
tartras,  U.S.  P. — ^This  compound,  known  also  as  **  cream  of 
tartar/'  forms  small  rhombic  crystak,  odorless,  and  having  a 
pleasant  acidulous  taste,  sparingly  soluble  in  cold  water  and  in 
alcohol. 

Potassii  ct  Sodii  Tartras,  U.  S.  P.,  KNaC4H^Oe+4H,0.— 
This  compound,  known  also  as  Rochelle  or  Seignette  salt,  forms 
large,  colorless,  rhombic  prisms,  odorless,  and  with  a  cool,  saline 
taste.  The  crystak  effloresce  slighdy  in  dry  air.  Soluble  in 
water,  almost  insoluble  in  alcohol. 

Antimonii  et  Potassii  Tartras,  U.  S.  P.,  2K(SbO)C4H^Oe+ 
H,0. — ^This  compound,  known  also  as  "tartar  emetic,"  forms 
colorless,  transparent  crystab,  becoming  opaque  and  white  on 
exposure  to  the  air.  Soluble  in  water,  but  insoluble  in  alcohoL 
It  is  poisonous  and  acts  as  an  emetic,  and  is  used  as  a  mordant  in 
dyeing. 

Ferri  ct  Ammonii  Tartras,  U.S.  P.,  and  Feni  ct  Po- 
tassii Tartras,  U.  S.  P.,  are  uncrystallizable  double  salts,  which 
are  obtained  as  syrupy  solutions  and  dried  in  films,  which  are 
then  broken  up,  and  constitute  what  are  called  "scale  prepa- 
rations." 

The  LavO'tartaric  Acid  is  like  the  dextrotartaric  in  its  chemical 
properties,  but  is  the  opposite  in  its  behavior  towards  polarized 
light.  When  equal  quantities  of  both  acids  are  mixed  together  in 
aqueous  solution,  the  solution  becomes  warm,  and  we  obtain 

Racemic  Acid,  Q^fi^-\-\iJ^, — Racemic  acid  is  found  some- 
times in  grape  juice,  and  in  the  mother  liquor  from  the  crystal- 
lization of  tartar.  Its  crystals  are  rhombic,  efflorescent,  and  less 
soluble  than  those  of  dextro-tartaric  acid.  It  is  optically  inactive. 
Its  salts  are  called  racemates.  When  the  sodium-ammonium  salt 
is  cr\''stallized  from  solution,  the  crystals  obtained  show  hemi- 
hedral  faces  {i.e.,  only  one-half  the  faces  of  the  normal  figure 
are  developed).  Pasteur  first  observed  that  these  crystals  differed, 
part  being  dextro-hemihedral,  and  part  being  laevo-hemihedral, 
and  that  the  laevo-hemihedral  crystals  were  dextro-rotator)'  in 
solution,  and  vice  versa.  If,  then,  the  two  kinds  of  crystals  are 
separated  from  each  other  mechanically,  and  the  free  acid  liberated 
from  each,  it  is  found  that  we  have  no  racemic  acid  remaining  ; 
but  in  the  one  case  have  dextro-tartaric,  and  in  the  other  case 
laevo-tartaric  acid. 
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If  to  a  solution  of  ammonium  racemate  be  added  the  ferme 
Penicillium  glaucum,  the  dextro-tartaric  acid  is  decompose 
faster  than  the  laevo-tartaric,  and  the  latter  may  thus  be  obtain 

MesO'tartaric  Acid  is  also  an  inactive  variety,  but  is  not  decon 
posable  like  racemic  acid  into  active  modifications.  It  is  pre 
duced  along  with  racemic  acid  in  different  reactions.  Fonr 
efflorescent  plates,  fusing  at  146°. 

Citric  Acid,  CaH/OHXCOOH),  (Acidum  Citricum,U.£ 


P.). — This  important  acid  occurs  in  the  free  state  in  lemon 
oranges,  etc. ,  and,  mixed  with  malic  acid,  in  gooseberries,  cu 
rants,  and  mulberries,  and,  as  calcium  salt,  in  wood,  potatoe— 
beet-root,  etc.     Is  prepared  generally  from  lemon  juice,  whi 
contains  6  to  7  per  cent,  of  the  acid.     The  acid  is  separated 
the  form  of  the  difficultly  soluble  lime-salt ;  this  is  decompo 
by  sulphuric  acid,  and  the  acid  solution  concentrated  in  vacuo 
the  point  of  crystallization.     A  new  source  of  citric  acid  man 
facture  has  been  recently  announced ,  which  may  prove  to  be  mo 
economical  than   the  extraction   from   lemon  juice.     Dr.  C 
Wehmer  has  discovered  that  sugar  solutions  exposed  to 
action  of  certain   microscopic  fungi,   the  spores  of  which 
present  in  the  atmosphere,  become  transformed  into  citric  aci 
It  is  claimed  that  1 1  kilogrammes  of  sugar  treated  in  this  wa 
have  yielded  6  kilogrammes  of  crystallized  citric  acid.     The  ad 
crystallizes  with  one  molecule  of  water  in  colorless,  rhombi 
prisms,  which  are  odorless,  and  have  an  agreeable  acid  taste 
effloresce  in  warm  air,  and  deliquesce  when  exposed  to  moist  air. 
Is  soluble  in  water  and  alcohol,  slightly  soluble  in  ether.     Whei 
heated  to  135®  it  loses  its  water  of  crystallization,  melts  at  153®, 
and  breaks  up  at  a  higher  temperature  into  aconitic  acid  an 
water,  and  then  into  itaconic  acid  and  CO,. 

The  official  metallic  citrates  are  : 

Potassii  Citras,  U.  S.  P.,  KgCeH^O^+HjO.— Forms  color 
less  crystals  or  white  granular  powder,  odorless,  and  with  a  cool 
ing,  saline  taste. 

Lithii  Citras,  U.  S.  P.,  Li3CeH507. — Forms  a  white  powder, 
odorless,  with  a  cooling,  £iintly  alkaline  taste,  deliquescent  oi 
exposure  to  air. 

Bismuthi  Citras,  U.  S.  P.,  BiCeH^O^.  —  Forms  a  whii 
amorphous  or  fciindy  crystalline  powder,  odorless,  tasteless,  ac 
permanent  in  air. 

Besides  these  crystalline  salts,  we  have  as  evaporated 
or   "scale  preparations:*'    Bismuthi  et  Ammonii  ^ 
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U.  S.  p.,    Ferri   Citras,   U.  S.  P.,    and  Ferri   ct  Ammonii 
Ci^ras,   U.  S.  P.      The  magnesium  citrate  is  also  official  in 
I^iqxior  Magnesii  Citratis,  U.  S.  P.,  and  Magnesii  Citras 
Tvescens,  U.  S..P. 

le  monobasic  pentatomic  acids,  aradonic,  xylonic^  rhamnaniCy 
saccharinic  acids,  are  obtained  by  the  oxidation  of  the  cor- 
l^onding  pentose  sugars.     They  possess  only  a  theoretical 
Jritiejrest. 

<::>jcyciiric  Acid,  C3H3COH)a(COOH)3,  is  found  in  beet  and  tur- 
^  *F>     juice,  and  has  been  prepared  artificially  from  aconitic  acid. 

monobasic  and  dibasic  hexatomic  acids  are  obtainable  both 
the  hexatomic  alcohols  mannite  and  dulcite  and  from  the 
^'^STsirs  related  to  them.  The  dibasic  acids  especially  are  pro- 
^'^cr^d  from  a  variety  of  sources  among  the  class  of  carbohydrates. 
^'S'.acchaHc  Acid,  (CHOH^^CCOOH),,  is  produced  by  the 
^^^^i<iation  of  cane-sugar,  dextrose,  mannite,  or  starch  by  nitric 
Brittle,  very  hygroscopic  mass,  easily  soluble  in  water, 
ammonium  salt  of  saccharic  acid  is  decomposed  at  160^  into 
F^yxTol,  ammonia,  and  carbon  dioxide  :  C^H3(NH4)203  =  C4H3N 
COj-f  NH3  +  4H3O. 

rude  Acid,  (CHOH)4.(COOH)3,  is  obtained  by  the  oxida- 
of  milk-sugar,  gums,  and  mucilages  by  nitric  acid.  White 
^'■ystals,  fusing  at  213°,  difficuldy  soluble  in  water.  The  ammo- 
*^**Jra  salt  decomposes  like  the  corresponding  salt  of  saccharic 
^^^id  into  pyrrol,  carbon  dioxide,  and  ammonia. 

7  *  Aldehydic  and  Ketonic  Acids. — Mention  was  made 
^■^cier  the  oxidation  products  of  diatomic  alcohols  of  alcohol 
^^^*^zls.  It  is  obvious  that  another  intermediate  class  may  be  alde- 
.  >^<:3.e  acids,  and  where  secondary  alcohol  groups  exist,  combined 
^'^  "^he  same  molecule  with  primary  alcoholic  groups,  we  may 
lin  ketonic  acids,  or  acids  in  which  we  have  both  the  ketone 
^p,  CO,  and  the  carboxyl  group,  COOH. 
^rlyoxalic  Acid,  CHO.COOH,  is  an  aldehyde  acid  found  in 
V**^**ipe  fruits,  such  as  grapes,  gooseberries,  etc.  It  crystallizes 
^'^     p:>risms,  easily  soluble  in  water. 

<^lycuronic  Acid,  COH.(CHOH)4.COOH,  is  an  aldehydic  acid 

^^t^ined  by  the  reduction  of  saccharic  acid.     It  also  possesses 

^^^^^rest  as  being  found  in  the  urine  as  a  decomposition  prrxluct 

^*^^»*  taking    internally  such  substances  as   camphor,    phenol, 

^^^iietol,  a-  and  /9-naphthol. 

fraracemic  Acid,  CH3.CO.COOH  Caceto-formic  acidj,  i.s  a 
acid  resulting  finom  tbgLdiy  distillation  of  tartaric,  racemic, 
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and  glyceric  acids.  Il  is  a  colorless  liquid,  soluble  in  w 
hoi,  and  ether,  boiling  wilh  slight  decomposition  at  i 
and  smelling  of  acetic  acid  and  extract  of  beef, 

Aceto  Acetic  Add,  CHg.CO.CH,COOtl,  is  a  siroi^ 
liquid  miscible  with  uater,  and  breaking  up  upon  wani 
acetone  and  carbon  dioxide.  Its  ethyl  ester  is  obtaind 
form  of  its  sodium  compound  by  the  action  of  sodiu 
acetate,  and  from  the  ester  the  free  acid  is  obtained  by  j 
cation, 

Lftmlink  Arid.  CH,.CO.CHb.CH,COOH  (aceto-B 
acid),  resulw  from  the  action  of  acids  upon  cane-sugar,  I 
cellulose,  gum,  starch,  and  other  carbohydrates,  A  con* 
product  of  levulinic  acid  with  phenyl-hydrazine  is  1 
medicine  under  the  name  of  "  antithermin." 

VII.     Esters,  or  Ethereal  Salts. 

These  are  bodies  formed  by  the  replacement  of  the  I 
of  an  acid,  whether  inorganic  or  organic,  by  an  alcohol  r 
base.  They  are,  as  staled,  ethereal  salts,  and  may  inclqi 
neutral,  and  basic  salts,  or  esters,  as  more  generally  tera 

I.  Esters  of  Inorganic  Acids. — The  esters  of  ts 
acids  have  already  been  described  as  the  halogen  derhl 
the  hydrocarbons.  j 

The  esters  of  nitrous  acid  are  obtained  by  passic^ 
fumes  into  the  alcohols,  or  by  the  action  of  copper  and  n^ 
upon  the  same.  They  are  liquids  of  aromatic  odor,  4 
low  boiling  points,  and  are  easily  saponitiable.  Nasceij 
gen  reconverts  them  into  alcohol,  ammonia  being  fom 
same  time. 

hfelhyl  Nitrite,   CH,ONO,   is  gaseous  at  ordinary  j 

Ethyl  Nitrite.  0,11,0.  NO.  is  a  mobile  liquid  of  p 
ethereal  odor  and  pectiliar  stinging  taste.     Boils  at  18", 
with  a  bright  white  flame.     Its  alcoholic  solution  is  the  i 
^thcris   Nitrosi,  U.S.  P.,  known   also  as   "sweet  \ 
nitre."     This  is  stated  by  the  U.  S.  Pharmacopceia  l*| 
alcoholic  solution  of  ethyl    nitrite    j-ielding,  when   I 
pared  and  tested  in  a  nitrometer,  not  less  than  11 
volume  of  nitrogen  dioxide,"     The  official  spirit  i; 
weight  of  the  ethyl  nitrite  contained.     It  is  now  mad4 
action  of  sulphuric  acid  upon  a  mixture  of  sodium  nt|| 
alcohol. 
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A  one-per-cent.  alcoholic  solution  of  nitroglycerin  constitutes 
the  Spiritus  Glonoini,  U.  S.  P. 

Nitro-erytkriie.  QH.CNO.j^,  and  Nitro-manniie,  C,Hg(NO,V 
are  similar  esters  of  nitric  acid,  and  are  like  nitroglycerin  in  ex- 
plosive characters,  although  less  violent. 

The  esters  of  sulphuric  acid  are  formed  by  the  action  of  sul- 
phuric acid  upon  the  alcohols.  As  sulphuric  acid  is  dibasic,  two 
series  of  esters  are  possible,  just  as  acid  and  neutral  sulphates  of 
inorganic  bases  are  formed. 

Acid  Ethyl  Sulphate  (or  Ethyl-sfllphuric  Acid),  C,H,HSO„ 
is  obtained  on  mixing  equal  parts  of  absolute  alcohol  and  con- 
centrated sulphuric  acid.  The  free  acid  is  a  synip  easily  soluble 
in  water.  Under  the  old  name  of  "  sulpho-vinic  acid,"  it  has 
long  been  known  as  the  intermediate  product  in  the  "continuous 
ether  process"  (seep.  585).  lis  salts,  formerly  called  "  sulphovi- 
nates,"  crystallize  welL  They  are,  of  course,  double  sulphaHs 
of  ethyl  and  metallic  base. 

Neutral  Eihyl  Sulphate,  (C^HglgSOj,  is  a  coloriess,  oily  liquid, 
insoluble  in  water,  of  a  plcasajit  peppermint  odor.  It  boils  at 
208".  The  corresponding  esters  of  sulphurous  acid  are  known, 
but  are  prepared  with  more  difficulty,  as  the  isomeric  sulphonic  acid 
derivatives  (see  p.  588)  tend  to  form  by  the  reaction  with  metallic 

The  esters  of  phosphoric,  silicic,  and  carbonic  acids  are  also 
known.  The  last  of  these  will  be  referred  to  later.  (See  Car- 
bonyl  Derivatives.) 

a.  Esters  of  Organic  Acids.— These  form  in  some  cases  by 
the  direct  action  of  the  acids  upon  the  alaihols,  but  more  gener- 
ally it  is  necessary  to  provide  for  taking  up  the  water  which  forms 
in  the  reaction.  This  is  done  by  the  addition  of  sulphuric  add 
as  dehydrating  agent  to  the  mixture  of  alcohol  and  organic  add, 
or  still  more  readily  by  passing  dry  HCI  gas  into  a  mixture  of 
the  alcohol  and  acid.  This  probably  acts  by  first  forming  an  add 
chloride  with  the  radical  of  the  organic  acid,  and  this  then  reacts 
with  the  alcohol. 

The  esters  of  the  lower  members  of  the  fatty  acid  series  are  for 
the  most  part  colorless,  neutral  liquids,  which  volatilize  «-ithout 
decomposition.  As  a  ni!e  they  are  insoluble  in  water,  but  soluble 
in  alcohol  and  ether.  The  esters  of  the  higher  acids  are  solids,  and 
play  an  important  part  in  nature  as  the  natural  fats  and  waxes. 

The  esters  are,  without  exception,  saponitiable ;  that  is,  under 
the  influence  of  water  or  alkalies  and  acids  they  break  u 
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alcohol  and  acid,  or  alkaline  salt  of  the  acid,  in  case  alkalies 
vised  for  the  saponification. 

^dhyl  Formate y  HCO.OCjH^. — Boils  at  55°.     Is  employed  in 
^^^        manufacture  of  artificial  rum  or  arrack,  as  well  as  in  peach 
»ce  and  other  fruit  essences. 

^dhyl  Acetate,  CjHjO.OCjH^  (-ffither  Aceticus,  U.  S.  P.). 

Is  at  77.5®  ;  is  a  transparent,  colorless  liquid  of  fragrant  and 

ihing  odor  and  a  peculiar  acetous  and  burning  taste ;  is 

-erately  soluble  in  water,  easily  soluble  in  all  proportions  in 

liol,  ether,  fixed  and  volatile  oils.     It  is  inflammable,  burning 

a  yellowish  flame  and  acetous  odor.     Besides  being  used 

■rnally  in  medicine,  it  is  largely  used  in  admixture  in  fruit 

iices  and  as  a  solvent. 

myl  Acetate^  C,H30.0C5Hn. — Boiling  point  148°.  This 
^  has  a  characteristic  fragrant  odor  of  pears,  and  hence  is  the 
s  of  the  artificial  pear  essence.  It  is  also  used  largely  as  an 
*€dient  in  the  manufacture  of  pyroxylic  varnishes,  owing  to  its 
^nt  power. 

^dyl  Acetate^  CgHgO.OCgH^. — Boiling  point  210°.     Forms 
^hief  constituent  of  the  oil  from  the  fruit  of  Heradeum  spoti" 

"thy I  Butyrate,  C4H^O.OC2H5. — Boiling  point  120.9°  J  P^s- 
the  characteristic  odor  of  pineapples,  and  hence  is  used  in 
fruit  essence. 

^o-amyl Butyrate,  Q^^O,OQ^^^. — Boiling  point  178.6®.    Is 
used  in  the  manufacture  of  pineapple  essence. 
Ithyl  Iso-valerate,  CgHgO.OCjHg. — Boiling  point  134.3°.     Is 
nstituent  of  melon  and  peach  oils. 

'o-amyl  Iso-valerate,  C^HgCOCgH^j. — Boiling  point  196°. 

Ine  chief  constituent  of  apple  essence. 

"o-amyl  Caprinate,   C^QHigCOCgH^^. — Boiling  point  275°, 

partial  decomposition.     This  is  the  chief  constituent  of  wine 

oil,  and  under  the  misapplied  name  of  **  oenanthic  ether,*' 

^s  the  bouquet  to  wine. 

rtyl    Palmitate,    CjeHaiO.OCieHgg.— Fusing    point    53. 5"*. 

3  ester  forms  the  chief  constituent  of  spermaceti  (Cetaceum, 

i.  P.),  a  peculiar,  fatty  solid  obtained  from  the  head  of  the 

•  ^         —  m  whale  {Physeter  macrocephahis).     This  solid  ester  is  held 

^^^^ved  in  the  sperm  oil  during  the  life  of  the  animal,  and  after 

h,  with  the  disappearance  of  the  animal  heat,  it  crystallizes 

It  forms  a  white,  somewhat  translucent,  slightly  unctuCNll 

i,  of  a  scaly,  crystalline  fracture  and  pearly  lustre  ; 
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and  with  a  bland,  mild  taste.  Sp.  gr,  about  0.945  ^^  I5°«  Itis^ 
insoluble  in  water,  and  nearly  so  in  cold  alcohol ;  soluble  in  boiL  — 
ing  alcohol,  also  in  ether,  chloroform,  carbon  disulphide,  fixe^zii 
and  volatile  oils. 

Cery/  PalmitatCy  Q^^^^,OQ^^^. — Fusing  point  79^.    E.  ^ 
the  chief  constituent  of  opium  wax. 

Myricyl  Palmitate,  Ci^HjjO.OCjqH^i. — Fusing  point  72®.  1  s» 
the  part  of  beeswax  insoluble  in  alcohol,  the  soluble  f)art  consi*  t  — 
ing  largely  of  cerotic  acid  (see  p.  601).  Beeswax  (Cera  Flav — ■  » 
U.  S.  P.)  is  an  animal  product,  being  the  material  of  the  c^f*ll 
walls  of  the  combs  of  the  Apis  mellifica^  or  honey  bee.  It  is  ^ 
yellowish  to  brownish-yellow  solid,  having  an  agreeable,  hone^^' " 
like  odor,  and  a  faint,  balsamic  taste.  Sp.  gr.  0.955  ^^  0.967  -^^-^ 
15°  ;  melting  point  63^-64°.  It  is  insoluble  in  water,  sparing  X  y^ 
soluble  in  cold  alcohol,  but  almost  completely  soluble  in  boilir 
alcohol.  It  is  completely  soluble  in  ether,  chloroform,  and  fix( 
and  volatile  oils. 

Beeswax  is  bleached  white  to  adapt  it  for  use  in  candle-makin. 
and  other  purposes.  This  is  accomplished  either  by  the  actic^ 
of  light  and  air  (air-bleached  wax),  or  by  the  use  of  oxidizin- 
agents,  such  as  potassium  dichromate,  potassium  permanganate 
and  hydrogen  dioxide  (chemically-bleached  wax).  The  produc 
is  a  yellowish-white  solid  (Cera  Alba,  U.  S.  P.),  which  is  slighil 
more  crystalline  than  the  yellow  wax,  and  contains  rather  moi 
free  acid. 

Cery  I  Cerotate^  C„H530.0Cj7H55. — Fusing  point  82°.    Foi 
the  chief  ingredient  of  Chinese  insect  wax.     It  is  also  found  i 
opium  wax. 

My  r  icy  I  Cerotate,  Ca^H^O.OCjoH^i,  is  found  in  carnaubawax 

Probably  the  most  important  of  the  esters  of  organic  acids,  ho^ 
ever,  are  the  compounds  of  the  triatomic  alcohol  glycerin, 
esters  of  this  alcohol  with  the  members  of  the  fatty  acid  seri( 
make  up  the  bulk  of  the  vegetable  and  animal  fats  and  fcitt>'  oil 
While  glycerin  as  a  triacid  base  can  form  esters  containing  on< 
two,  or  three  molecules  of  fatty  acid,  we  find  that  the  naturall 
occurring  compounds  are  exclusively  neutral  esters. — that  is,  cor 
tain  three  molecules  of  the  monobasic  acid  in  combination  wit 
the  base.  The  mono-acid  and  di-acid  compounds  can  be  forme 
artificially,  however,  in  many  cases. 

The  most  important  of  the  glycerin  esters  are  : 

Monoformin.  C3H5(OH)gOCHO,  and  Diformin,  QJA^i/dVTZ 
(OCIIOja,  have  been  obtained  artificially  ;  the  former  by  heatir«»^ 
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Trislearin.  CaHafOC^H^Ojg,  occurs  in  most  of  the  solid 
fets  and  in  a  large  number  of  the  liquid  &ts  associated  with  pal- 
mitin  and  olein.  It  is  difficult  to  obtain  the  trislearin  perfectly 
free  from  tripalmitln,  even  after  repeated  crystallizations,  but  it 
has  been  claimed  that  it  can  be  obtained  jjctfectlj-  finee  from  the 
seeds  of  Briiidonia  indica.  Fuses  at  first  at  55°,  but  after  re- 
peated melting  shows  a  permanent  meUing  point  of  71.5°. 

Both  Monostearin,  C,HeCOHj,(.OC,BHgjO),  and  Distcarin. 
CsHB(OH)(^OCiaH3BO),,  have  been  obtained  synthetically;  the 
former  direct  from  glycerin  and  stearic  acid,  and  the  latter  by  the 
aid  of  the  former. 

Triarachin,  CaHB(0C„H„0)3.— This  glyceride  is  found  in 
earth-nut  oil  as  well  as  in  cocoanut  oil,  and  the  lat  from  the  seedi 
of  Nepheiium  lappaceum. 

Tribenin,  C3Hg(OC„H4jO)g. — A  glyceride  found  with  olan  in 
oil  of  ben  from  Moringa  oleifera. 

TrihypogaTtn,  CgH,(OC„H^O)a.  —  This  glyceride  occurs 
along  with  triarachin  and  triolein  in  earth-nut  oil. 

Triolein,  CgH,(OC,gHjjO)3,  occurs  abundantly  in  nature  in 
the  non-drying  fatty  oils,  as  olive  and  almond  oils.  May  be 
obtained  approximately  pure  by  agitating  olive  or  almond  oil 
with  a  cold  concentrated  aqueous  solution  of  caustic  soda,  which 
saponifies  the  palmitin  and  leaves  the  most  of  the  olein  un- 
changed. Is  liquid  at  ordinary  temperatures,  but  solidities  beloMf 
0°,  and  can  be  distilled  in  a  vacuum.  Only  slightly  soluble  in 
alcohol,  easily  soluble  in  ether.  By  treatment  with  nitrous  add 
it  is  converted  into  solid  white  elaidin,  a  polymeric  compound. 

Tridoeglin,  C3H5(OC,BH,jO)a,— The  glyceride  of  doeglic  acid 
forms  the  chief  constituent  of  the  oil  of  the  doegUng,  or  bottle- 
nose  whale, 

Trierucitt,  CgH5(0CggH^,0)a. — ^This  glyceride  occurs  in  the 
oil  of  the  white  and  the  black  mustard-seed,  in  rape  oil  and  grape- 
seed  oil.     Nitrous  acid  converts  it  into  the  isomeric  Iribrasstdia. 

Trilinoldn,  CgHB(OC,8H3,OV— This  glyceride  is  the  char- 
acteristic constituent  of  the  drying  oils,  sucli  as  linseed  oil,  poppy- 
seed  oil,  sunflower  oil,  and  hempseed  oil.  It  does  not  yield  a 
solid  product  with  nitrous  acid,  but  is  characterized  by  the 
readiness  with  which  it  absorbs  oxygen  and  thickens  with  the 
formation  of  resinous  products. 

TriricinoUin,  CaHg(OCi,HgjOg)g, — This  glyceride  is  the  pe- 
culiar constituent  of  castor  oil.  It  forms  a  solid  polymeric  prod- 
uct known  as  ricinelaidin  when  treated  with  nitrous  acid. 
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(^)  Castor  Oil  Group, — Medicinal  oils.  Very  viscous  and 
of  high  density.     Includes  castor  and  croton  oils. 

{e)  Palm  Oil  Group, — Solid  vegetable  fats.  Do  not  contain 
notable  quantities  of  the  lower  fatty  acids.  Includes  palm  oil, 
cacao  butter,  nutmeg  butter,  and  shea  butter. 

(y)  Cocoanut  Oil  Group, — Solid  vegetable  fets,  in  part  wax- 
like. Several  contain  notable  proportions  of  the  glycerides  of 
lower  fatty  acids.  Includes  cocoanut  oil,  palm-nut  oil,  laurel  oil, 
Japan  wax,  and  myrtle  wax. 

(^)  Lard  Oil  Group, — Animal  oleins.  Do  not  dry  notably 
on  exposure,  and  give  solid  elaidins  with  nitrous  acid.  Includes 
neat's-foot  oil,  bone  oil,  lard  oil,  and  tallow  oil. 

(JC)  Tallow  Group, — Solid  animal  fats,  predominantly  glycer- 
ides of  palmitic  and  stearic  acids,  although  butter  contains  lower 
glycerides.  Includes  tallow,  lard,  bone  &t,  wool  fat,  butter  &t, 
oleomargarine,  and  manufactured  stearin. 

(/)  Whale  Oil  Group, — Marine  animal  oils.  Characterized  by 
oflTensive  odor  and  reddish-brown  color  when  treated  with  caustic 
soda.  Includes  whale,  porpoise,  seal,  menhaden,  cod-liver,  and 
shark-liver  oils. 

(y)  Sperm  Oil  Group, — Liquid  waxes.  Are  not  glycerides, 
but  esters  of  monatomic  alcohols.  Yield  solid  elaidins.  In- 
cludes sperm  oil,  bottle-nose  or  doegling  oil,  and  dolphin  oil. 

{k)  Spermaceti  Group, — Waxes  proper.  Are  compound 
ethers  or  esters  of  higher  monatomic  alcohols,  with  higher  fatty 
acids  in  the  free  state.  Includes  spermaceti,  beeswax,  Chinese 
wax,  and  carnauba  wax. 

The  composition  of  the  natural  &ts  as  essentially  compounds 
of  the  fatty  acids  with  glycerin  was  first  definitely  ascertained  by 
Chevreul  in  1823,  and  with  this  knowledge  was  also  indicated  the 
means  of  decomposing  them.  Chevreul  first  used  alkalies  for 
that  purpose,  and  that  method  is  still  applied  if  the  alkaline  salts 
of  the  fatty  acids  (soaps)  are  desired.  For  the  purpose  of  ob- 
taining the  fatty  acids  as  such,  or  the  glycerin,  other  methods 
have  been  adopted. 

We  may  summarize  the  several  methods  employed  for  this  de- 
composition under  three  headings,  although  practically  there  are 
additional  methods  of  decomposition  in  use  which  involve  a  com- 
bination of  several  of  these  general  reactions. 

1st.  The  decomposition  of  the  fets  by  the  action  of  alkalies. 
This  original  method  of  Chevreul  is  only  employed  when  the 
manufacture  of  a  soap  is  the  end  desired.     We  may  illustrate  it 
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fcy  the  example  of  the  reaction  between  palmitin  and  an  alkali 
^uch  as  would  take  place  in  the  manufacture  of  a  palm-oil  soap. 

OCieHsiO  f  OH 

OCieHsxO    +     sHONa    =    CjH  J  OH     -f     3Ci«H8iOONa. 

OCj^HjjO  I  OH 

Tripalmitin.  Glycerin.  Sodium  Palmitate. 

2d.  The  decomposition  of  the  fets  by  the  action  of  metallic 
oxides  in  the  presence  of  water.  Chevreurs  use  of  alkalies 
^was  replaced  already  in  1831  by  that  of  lime,  suggested  by  De 
]Milly,  and  the  use  of  lime  and  water  under  pressure  constitutes 
the  "autoclave**  process  of  to-day.  This  will  be  referred  to  and 
illustrated  later  in  a  short  section  on  the  *' Industries  of  the 
rats."  Pharmacists  make  use  of  a  reaction  of  this  kind  in  the 
xnanufacture  of  lead  plaster  (Emplastrum  Plumbi,  U.  S.  P.), 
i  n  which  the  olein  of  olive  oil  is  decomposed  by  litharge  in  the 
pDresence  of  water : 

fOCxsHasO  rOH 

aCaHs^OCisHasO    +    aPbO    +    3HOH    =    aCsH.^  OH     + 
loCisHasO  iOH 

Triolein.  Glycerin. 

3Pb(0C„H»0),. 

Lead  Oleate. 

3d.  The  decomposition  of  the  fats  by  the  action  of  steam  or 
^^water  under  pressure.  The  discovery  of  the  possibility  of  effect- 
ing  the  **  saponification* '  of  the  fats  by  water  alone,  made  in 
Y854  by  Tilghman,  has  since  been  utilized  very  extensively  under 
"Various  forms  of  procedure.  The  reaction  may  be  illustrated  by 
^he  decomposition  of  stearin  : 


CH.I 


OCi,H«,0 

roH 

OCmH«,0 

+     3HOH 

=    CsHo    OH    +    3CiaHaeOa. 

OC„H«,0 

iOH 

Stearin. 

Glycerin.               Stearic  Acid. 

The  decomposition  by  sulphuric  acid  with  after-distillation  of 
"^he  fetty  acids  is  nothing  more  than  a  saponification  by  water  in 
"^he  presence  of  the  acid,  although  with  certain  classes  of  fats  it 
lias  advantages  in  increasing  the  yield  of  solid  fat  acids. 

INDUSTRIES  OF  THE  FATS. 

The  great  importance  of  many  of  the  vegetable  and  animal  fats  as 
*^w  materials  of  large  industries  justifies  us  in  noticing  these  industries 
in  outline,  and  giving  a  short  account  of  the  practical  side  of  them. 

1.  Soap-making. — ^Soaps  are  most  generally  made  by  the  direct  sapon- 
iiication  of  the  fat  with  alkali,  although  where  the  fatty  acids  have  been 
obtained  in  the  free  state  and  then  worked,  as  described  later,  for  the 
extraction  of  the  solid  adds  for  candle-making,  the  oleic  acid,  or  "  red 
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oit."  remaining  over  b  also  utilized  for  soap-making.  Soaps  are  nude 
chiefly  from  tallow,  cotton-seed  oil,  cocoanut  ca\,  palm  oil,  and  olive  oiL 
We  may  divide  the  soaps,  first,  mto  the  hard  soaps,  in  which  the  base  is 
soda  or  a  mixture  of  soda  and  potash,  and  soft  soaps,  in  which  the  base 
IS  potash.  In  the  manufacture  of  this  latter  class  the  drying  oils  are  pref- 
erably used,  as  ill  the  ofhcial  Sapo  MoUiB,  U.  5.  H. 

True  hard  soaps  are  manufactured  by  boiling  the  fats  in  open  vessels, 
with  the  aid  of  steam  heat,  with  alkaline  lyes  of  gradually  increasing 
strength,  until  products  of  definite  character  are  obtained.  The  "  soap- 
copper,"  as  shown  in  Fig.  94,  is  an  iron  kettle,  or  series  of  kettles,  set  in 

Fig.  94. 


masoniy  and  equipped  with  jnpes  for  both  open  and  closed  steam,  ao^c: 
provided  with  an  outlet  for  the  discharge  of  the  waste  lyes  when  re:  _j 
(jnired.  Strong  lyes  are  not  used  at  first  or  saponification  will  not  lat.  ^ 
place.  A^MxIa-lye  of  about  11°  B.,  equal  to  one-fourth  that  needed  r<=^ 
complete  saponification,  is  first  run  in  with  the  melted  fat.  When  tit  5.! 
mixture  becomes  homogeneous,  lye  of  lo"  to  15°  B.,  equal  in  amount  t  < 
thnt  taken  before,  is  cautiously  added,  and  boiling  is  kept  up  until  » 
samiile  tak<jn  out  has  a  firm  consistence  between  the  fingers.  It  is  th^=  *i 
salti'd  with  a  brine  of  34°  B.,  and  the  contents  of  the  copper  allowed  ■»« 
stiiiiii  for  several  hours  at  rest.  Two  layers  will  then  have  formed,  ^n 
uppir  layer  vX  soap-paste  containing  water,  and  a  lower  one,  of  "sperst- 
lye,"  contammg  the  salt  and  the  glycerin  in  solution.  After  reniiwi"R' 
thisspeut-lyi:  from  below,  the  rest  of  the  caustic  soda  for  saponification  is 
mil  in  acul  the  soap  boiled  up  again. 

If  a   ■  rnsin  soap"  is  desired  the  rosin  is  added  at  this  stage,  otherwise 
a  ■ '  curd  s<):r>' '  i ;  the  product.    The  boiling  is  now  continued  unlB  t*** 
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/rothing  subsides  and  the  mixture  boils  dear.    The  contents  of  the  copper 
are  then  boiled  with  open  steam,  and  a  small  quantity  of  lye  of  12°  B.  is 
run  in  until  the  soap  separates  in  flakes  and  feels  hard  when  cold.     Boil- 
ing iss  usually  continued  for  several  hours  to  insure  complete  saponifica- 
tion,   and  it  is  then  allowed  to  separate  and  harden.     If  it  is  transferred  to 
the:     crooling-frames  before  this  hardening  and  separation  is  completed,  a 
fnol'fc  led  soap  may  be  obtained.     A  solution  of  ferrous  sulphate  added  at 
ttt  is>    fDoint  produces  a  peculiar  greenish  mottled  api>earance,  becoming  red 
?cpo6ure  to  the  air,  characteristic  of  Marseilles  and  Castile  soaps.    In 
or  **cut  soaps"  water  or  thin  lye  is  added  to  the  contents  of  the 
r  before  the  soap  separates  finally  to  form  the  curd,  and  is  taken  up, 
^  a  smooth  yet  firm  surface  to  the  soap  instead  of  the  hard  granular 

of  the  true  curd  soap. 

the  **  cold  process'*  soaps,  exact  weights  of  well-refined  fats  and  the 

n^cr^^^»ary  caustic  soda  are  used  and  added  together  at  once.     After  short 

s^2i.r&ding,  they  are  agitated  in  a  revolving  copper  provided  with  paddles  at 

a  ^^nmperature  of  not  over  1 20®  F.   The  materials  rapidly  coalesce,  although 

ti^^  s^^aurtion  is  only  finished  after  some  days*  standing  in  the  cooling-frames. 

1*^  i^    obvious  that  in  this  case  all  the  glycerin  of  the  fats  originally  taken 

I'^'KT&^ins  distributed  throughout  the  soap.     Filling  and  padding  materials 

c^rm     also  be  added  in  this  case,  and  will  be  held  in  the  soap.     A  small 

4Ua.ntity  of  cocoanut  oil  added  to  the  tallow  or  other  fat  facilitates  the 

^*''^^«"Vc  ing  of  this  cold  process. 

^V'lien  **  red  oil*'  or  oleic  acid  from  the  stearic  acid  candle  manufacture 
*s  vis^^  it  may  be  saponified  either  with  alkali  or  with  alkaline  carbonate, 
althic^ugh  the  former  is  preferred.  The  oleic  acid  may  also  be  changed 
"■^^  into  the  isomeric  elaidic  acid  by  the  action  of  nitrous  acid,  and  a 
^^^^   foie  soap  is  then  obtained  resembling  a  tallow  soap. 

^ compact  soaps  may  contain  from  10  to  25  per  cent,  of  water,  smooth 
^^  c^Ut  soaps  may  contain  from  25  to  45  per  cent.,  and  filled  soaps  from 
^  ^c>  72  per  cent,  of  water,  besides  the  glycerin  and  impurities. 

Stearic  Acid  Candle  Manufacture. — Where  the  solid  fatty  acids  are 

**■«!  for  the  manufacture  of  candles,  the  fats  are  saponified  either  by 

*  *  autoclave  process"  of  Milly,  in  which  lime  and  hot  water,  under  a 

ure  of  8  to  10  atmospheres,  are  made  to  decompose  the  fats,  or  they 

decomposed  with  superheated  steam,  either  with  or  without  the  addi- 

^*^  of  sulphuric  acid.    In  the  former  process  the  lime  forms  a  lime  soap, 

^*^li  is  afterwards  decomposed  by  sulphuric  acid,  and  the  free  fat  acids 

^lioroughly  washed  by  the  aid  of  steam.    The  amount  of  lime  taken 

sufficient  to  completely  neutralize  the  fatty  acids,  as  the  steam  de- 

the  lime  soap  first  formed  and  allows  the  base  to  attack  fresh 

*^»^tities  of  the  fat.     In  the  second  process,  that  of  superiieated  steam, 

^     |>roducts  are  obtained  quite  pure  and  free  from  all  foreign  matters. 

out  in  the  Wilson  and  Gwynne  form  of  apparatus,  it  is  shown 

.  95.    The  fat  is  first  heated  in  a  by  waste  heat  from  the  super- 

below.  and  then  flows  into  the  retort  c,  which  must  be  kept  at 

ajoP  to  315®  C,  and  for  this  purpose  is  covered  in.    The  superheated 

■t  315"  C.  comes  into  the  retort  by  the  side  tube  ,  after  some  24  to 

the  oonlents  of  the  retort  are  distilled  off,  the  fatty  acids  con- 

40     • 
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densing  first,  and  the  watery  glycerin  passing  on  to  the  farther  condens-^^ 
ing  vessel.     In  thb  way  a  very  pure  commercial  glycerin  is  obtained  as^^B 

well  as  pure  fatty  adds.     If  the  temperature  much  exceed  315°  C,  aero 

lein  forms  from  the  decomposition  of  the  glycerin.     For  the  extractioi 3 

of  the  hard  stearic  acid  the  washed  latty  adds  are  now  melted  and  rurr^^ 
into  troughs  or  dishes  of  tin,  as  shown  in  Fig.  96.  These  are  placed  in  ^  a 
room  at  a  temperature  of  ao"  to  30°  C.  and  kept  for  two  or  three  days,  t^  _:o 

allow  the  palmitic  and  stearic  adds  to  crystallize,  when  the  contents  ar ^re 

emptied  into  canvas  or  woollen  bags  and  pressed  in  an  hydraulic  pres^^=;B. 
The  liquid  oldc  acid  runs  off,  and  the  cakes  of  crude  stearic  add  ot^Wt- 
tained  are  melted  and  again  put  to  crystallite  at  a  somewhat  ^-ff—\\ 

temperature  than  before.    A  thorough  pressing  will  now  leave  the  steai r^ 

add  sufhdenlly  finn  for  candle-making.  A  little  wax  or  paraffin  is  usual  -~^Uj 
added  totakeaway  the  very  ciystalline  structure,  which  unfits  steaiicac=^^3it 
somewhat  for  candle-making. 


Deconposillon  of  the  (at*. 


3.  OleoBMTgarine,  of  ArtiflciBl  Butter. — When  very  pure  fats  are  taken 
and  care  is  exerdsed  in  the  melting  and  rendering,  it  b  possible  to  stpa- 
rate  solid  stearin  b>-a  chlllii^  process  similar  to  that  just  described  for 
stearic  add.  and  obtain  as  a  liquid  product  the  mixture  of  olein  and  pil- 
miiin  known  pi^ulariy  as  "oleomargarine  oil."  This  so-called  "deo 
oil"  is  then  churned  with  about  10  per  cent,  of  its  weight  of  milk,  •ii'' 
the>iddit)onof  a  little  butter  color,  and  the  product  is  salted  andbrou^ 
into  the  market  as  oleomargarine  butter.  In  making  what  ii  caned 
"butterine."  neutral  lard  b  added  to  the  oleo  oil  and  milk  before  chum- 
ini;.  .iml  then  finished  as  before.  At  times  a  small  quantity  of  seswte 
oil  or  <,i>tti>n-!;ee<l  oil  b  added  to  soften  the  texture  of  the  product 

,1.  Manufacture  of  Oljrcecin  and  Nitroglycerin. — Glycerin  b  obUiM" 
in  o,>nnt.-ction  with  the  saponification  of  fats  by  the  autoclave  process  viB 
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me  or  the  Mponification  with  superheated  steam.  The  glycerin  from 
le  lime  process  is  obtained  in  a  very  dilute  state  at  first,  and  must  be 
>nceiitrated.  This  is  done  by  the  aid  of  steam,  at  first  with  free  access 
r  air,  and  later  in  vacuo.  The  product,  brought  to  a  specific  gravity  of 
32,  has  a  brown  color  and  is  known  as  "  raw  glycerin."  It  is  then 
tered  through  bone-black  in  closed  and  jacketed  lihers,  and  distilled 
ith  the  aid  of  steam.  The  glycerin  which  distils  over  from  the  saponi- 
:ation  in  the  apparatus  of  Wilson  and  Gwynne,  before  described,  b 
ore  concentrated  and  freer  from  impurities.  It  still  requires,  however, 
e  concentration  and  after-distillation  with  steam  heat. 
Nitroglycerin  is  a  technical  product  of  great  commercial  importance, 
icause  of  its  large  use  in 

ining  and  blasting  opera-  Fig.  96. 

ans.  It  is  manufactured 
1  a  large  scale,  but  every 
age  of  the  process  must  be 
atched  with  the  greatest 
tre  because  of  the  extreme 
anger  connected  with  its 
Kplosions.  The  nitrating 
lixture  consists  of  5  parts 
f  concentrated  sulphuric 
dd  and  3  parts  of  nitric 
cid  of  1.48  sp.  gr.  The 
lycerin  must  be  relatively 
ure,  and  of  sp.  gr.  about 
.a6.  The  add  mixture 
avii^  been  placed  in  a 
'ooden  tank  lined  with 
awl,  and  cooled,  by  coils  of 
Aden  fMpe  through  which 
«  water  is  circulating,  to 
4*  to  16'  C.,  the  glycerin  is 
on  in  through  a  small  pipe, 
r,  better,  in  a  fine  spray 
irotigh  a  metal  sieve.  The 
quid  must  be  kept  continuously  mixed  during  the  nitration,  and  the 
anperature  not  allowed  to  rise  above  about  tS",  If  the  temperature  rise 
jddenly  or  continue  rising,  the  content*;  of  the  tank  must  be  allowed  to 
jn  at  once  into  a  larger  receptacle  containing  cold  water.  The  nitration 
f  730  pounds  of  glycerin  takes  from  'A  to  3i4  hours.  When  it  is  com- 
leted  the  product  is  run  into  a  vessel  containing  water  at  ii°.  As  the 
jtroglycerin  separates,  it  is  then  washed  first  with  pure  water,  then  with 
rater  containing  some  soda  solution,  and  finally  with  strong  soda  solu- 
\oa.  The  yield  of  nitroglycerin  is  greater  in  winter  than  in  summer, 
arying  from  950  to  1200  pounds  of  nitroglycerin  from  630  pounds  of 
lycerin.  The  several  operations  of  nitration,  separation,  and  washing 
re  all  carried  out  in  detached  buildings,  and,  as  far  as  possible,  com- 
nased  air  is  used  for  effecting  the  mixing  and  washing. 
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5  The  Utilization  of  the  Drying  Oils  in  Paints  and  Varnishes.— to 
the  dassilicalion  of  the  oils  (see  p.  6Jl)  Ihe  distiitclion  was  made  between 
drying  and  non-drying  oils.  This  distinction  is  based  upon  differences 
in  chemical  composition.  The  drj'ing  oils,  like  linseed  oil.  contain  large 
amounts  of  the  glyceride  of  linoleic  acid,  which  differs  from  oltic  and 
chiefly  in  its  power  of  absorbing  oxj^en  and  beconiing  resinous.  This 
tendency  is  notably  accelerated  by  boiling  the  oils  with  certain  mineral 
com|>ouiKls  like  litharge,  manganese  dioxide,  and  the  acetates  and 
borates  of  lead,  man^nese,  and  zinc.  These  are  known  therefore  as 
"  dryers"  because  of  the  drying  quality  they  impart  to  Ihe  oils.  This  is 
of  great  importance  in  the  manufacture  of  paints  and  varnishes.  In  a 
paint  we  have  the  finely  divided  color  thoroughly  rubbed  up  and  incot- 
porated  with  boiled  linseed  oil,  and  this  is  then  thinned  out  with  oil  of 
turpentine.  In  varnishes  we  have  solutions  of  hard  resins  in  oil.  abg 
thinned  out,  if  necessary,  with  oil  of  turpentine.  The  resins  so  used  are 
amber,  copal,  damar.  anime,  etc. 

Printeis'  ink  is  also  a  thoroughly  boiled  linseed  oil  varnish  wilh  wbkfa 
is  Incorporated  the  lamp-black  or  other  color  and  a  small  quantity  of  soap. 
Oilcloth  and  linoleum  are  also  products  into  which  boiled  linseed  oil 


VIII.    Amines  and  Amides. 

The  introduction  of  an  alcohol  or  basic  radical  into  the  ammo- 
nia molecule  replacing  one  or  more  hydrogen  atoms  gives  us  an 
amine,  and  just  as  ammonia  can  combine  with  a  haloid  acid  to 
form  an  ammonium  salt,  so  the  amine  or  derived  ammonia  can 
unite  with  the  chloride,  bromide,  or  iodide  of  an  alcohol  radical 
to  form  a  derived  ammonium  salt  in  which,  for  instance,  the  four 
hydrogen  atoms  of  NH^Cl  may  be  replaced  by  alcohol  radicals. 

We  may  have  primary,  secondary,  or  Urtiary  amines,  accord- 
ing as  one,  two,  or  three  atoms  of  hydrogen  in  NH,  are  replaced. 
We  may  also  have  monamines,  diamines,  or  triamines,  according 
as  one,  two,  or  three  molecules  of  ammonia  are  represented. 
Thus: 

NHj.CHg,  methylamine,  is  a  primary  amine. 

NH.(CHg)j,  dim  ethyl  amine,  is  a  secondary  amine. 

N(CHa)3,  trimelhylamine,  is  a  tertiary  amine. 

(NH,VC,H.,  ethylenediamine,  is  a  diamine.  

NCCjHbIj.OH.  tetraethyl  ammonium  hydrate,  is  a  quaternary 


nal^n 


N(CHg)4l,  tetramethyl  ammonium  Iodide,  is  a  quaternary  salt 

The  amines  containing  the  lower  alcohol  radicals  bear  a  close 

resemblance  to  ammonia,  being  strongly  basic,  having  an  ammo- 

niacal  odor,  forming  white  clouds  with  hydrochloric  acid,  forming 

salts  with  haloid  acids,  which  salts  unite  to  form  cr^'stalline  double 
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Strongly  ammoniacal  smell  and  biting  taste.     It  differs  from  am- 
monia in  dissolving  Alj(OH)g,  but  does  not  dissolve  Fe,(OH)^ 

Diethylamine^  (CgHa)jNH,  boils  at  56°.  Does  not  dissolve 
Zn  OH)a. 

Triethylamine,  {Q^^^^y  is  an  oily,  strongly  alkaline  liquid, 
boiling  at  90°.     It  is  found  in  the  decomposition  of  fish  tissue. 

Trimethyl-viny  I  Ammonium  Hydrate  (Neurin),  N(CH3)3C,H,.- 
OH. — This  base,  containing  the  unsaturated  radical  vinyl,  results 
when  lecithin  and  protagon,  which  are  found  in  nerve  and  brain 
tissue,  are  boiled  with  baryta.  Very  soluble  in  water,  and  of  alka- 
line reaction.     Extremely  poisonous. 

Trimethyl'Oxyethyl  Ammonium  Hydrate  (Choline  or  Bili- 
neurin),  N(CH3)3(CaH40H).OH,  is  found  in  the  bile  (/«/l3J,  bile), 
brain,  yolk  of  eg^y  etc.,  being  combined  with  glycerin-phosphoric 
acid  as  lecithin.  It  is  also  present  in  herring  brine,  hops,  beer, 
and  in  many  fungi.  Choline  is  a  strong  base,  difficultly  cr)'stal- 
lizable,  and  deliquescent.     It  is  not  poisonous. 

2.  Diamines. — Ethylene-diamine,  CgH^CNH^),,  is  a  colorless 
liquid,  boiling  at  116.5®,  easily  soluble  in  water,  not  misdblewth 
benzene  and  ether.  It  smells  faindy  ammoniacal,  and  has  a  caustic 
taste. 

Diethylene-diamine,  (CaH4)j(NH)g. — ^This  base,  known  also 
as  **  Piperazin,"  is  formed  by  the  heating  of  the  ethylene-diamine 
hydrochlorate.  Rhombic  tablets,  fusing  at  104®  and  boiling  at 
145°.  Used  considerably  in  medicine  because  of  its  solvent  action 
on  uric  acid  and  gouty  concretions. 

Trimethylene-diamine,  C^H^CNH^),. — Oily  liquid,  boiling  at 

136^ 

Tetramethylene-diamine,  C^J^W^^. — This  base,  known  also 
as  '*  Putrescin,*'  results  from  the  decomposition  of  flesh,  hence 
contained  in  the  cadaver.  The  free  base  smells  like  spermatic 
fluid,  boils  at  156°-! 57°,  and  is  poisonous.  It  is  also  found  in 
the  urine  and  faeces  in  cystinuria. 

Pentamethylene-diamine,  CaHjQ(NHj)g. — This  base  is  known 
as  *  *  Cadaverine. "  It  is  formed  in  the  decomposition  of  flesh  and 
fish,  and,  as  the  name  indicates,  is  found  in  the  cadaver.  The 
free  base  boils  at  178°-!  79°,  and  smells  like  spermatic  fluid.  Is 
poisonous.  The  chlorhydrate  when  heated  breaks  up  into  pip^f' 
idine,  CgH^^N,  and  ammonium  chloride. 

The  amides  and  imides  are  derivatives  of  ammonia,  in  which 
one  or  more  hydrogen  atoms  are  replaced  by  acid  radicals.  They 
are  easily  distinguished  from  the  amines  by  their  ready  saponifi- 
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cation.  They  decompose  on  heating  with  acids  or  alkalies,  or 
even  with  water,  into  their  components,  acid  and  ammonia.  They 
may  be  formed  by  the  action  of  ammonia  upon  the  chlorides  of 
the  acid  radicals,  by  the  dry  distillation  of  the  ammonia  salts  of 
the  fatty  acids,  and  other  methods. 

Formamide,  HCO.NHj,  is  obtained  by  heating  ammonium 
formate  to  230®.  Liquid  boiling  at  195°  with  partial  decompo- 
sition into  NH3  and  CO.  Its  compound  with  chloral  has  already 
been  noted  (see  Chloralamide,  p.  592).  It  dissolves  mercuric 
oxide,  forming,  with  elimination  of  water,  a  compound  **mer- 

HCO  NH 
cury-formamidate,'*  hCO  NH-^^^*  which  is  used  somewhat  in 

medicine.  The  compound  is  stable  in  the  presence  of  albumi- 
noids, but  is  decomposed  by  dilute  acids  or  alkalies,  with  sepa- 
ration of  fine  gray  metallic  mercury. 

Acetamide,  CgHjO-NHj. — Obtained  by  heating  ammonium 
acetate  to  230°.  Forms  crystals  easily  soluble  in  water  and  alco- 
hol, fusing  at  82°,  and  boiling  at  222°.  Has  a  characteristic  odor, 
recalling  mice. 

Diaceiamide,  (CjH30)aNH,  forms  a  white  mass,  fusing  at  78® 
and  boiling  at  223®. 

Triaceiamide^  ifZ^JJ)^, — White  needles,  melting  at  79®  ; 
neutral  reaction. 

The  amido  acids  have  been  noted  in  part  as  derivatives  under 
the  several  fatty  acids  (see  p.  604).  Some  additional  compounds 
of  this  class  remain  to  be  noted. 

AmidO'Succinic  Acid  (Aspartic  Acid),  COOH. CH,. CHf NH,).- 
COOH,  is  readily  obtained  by  boiling  asparagin  with  acids  or 
alkalies.  Formed  also  in  the  decomposition  of  albuminoids, 
horn,  and  glue,  with  acids  or  alkalies.  It  forms  small  rhombic 
tablets  easily  soluble  in  hot  water.  Nitrous  acid  changes  it  into 
malic  acid. 

AmidO'Succinamide  (Asparagine),  COOH.CHa.CH(NHa,- 
CONHj.  occurs  very  widely  distributed  in  the  vegetable  king- 
dom, as  in  sugar-beets,  potatoes,  in  the  shoots  of  many  vegetables, 
in  sweet  almonds  and  asparagus,  whence  the  name.  Forms  lus- 
trous rhombic  crystals,  easily  soluble  in  hot  water,  insoluble  in 
alcohol  and  ether.  Is  a  monobasic  acid,  which  combines  with 
bases,  acids,  and  salts.  It  forms  a  crystalline  blue  copper  salt^ 
which  IS  nearly  insoluble  in  water. 

Amido-pyrotartaric  Acid  (Glutamic  Acid),  COOH.CgHg- 
(NH^.COOH,  occurs  along  with  aspartic  acid  in  all  the  de- 


632  ORGANIC  CHEMISTRY. 

compositions  of  albuminoids,  etc.  Forms  rhombic  crystals, 
melting  at  202®,  soluble  in  water,  difficultly  soluble  in  alcohol. 

AmidO'pyrotartaramide  (Glutamine),  COOH.  C3H5(NH^.- 
CONHj,  accompanies  asparagin  in  many  plants,  and  is  besf 
obtained  from  the  fresh  juice  of  the  sugar-beet. 

Appendix  to  Amines  and  Amides. — Analogous  to  the  organic  ammonia 

derivatives  are  the  corresponding  compounds  derived  from  phospkine 

PH3,  from  arsine,  AsHj,  and  stibine^  SbHj.    Ethyl  phosphine  and  triethyl 

phosphine  are  both  liquids  of  powerful  and  disagreeable  odor,  whid 

readily  ignite,  and  bum  in  the  air  like  the  spontaneously  inflammabk 

phosphine.    Tetraethyl-phosphonium  iodide  is  also  known.    The  organic 

arsenic  compounds  are  primary,  secondary,  and  tertiary  arsines.    Of  the« 

the  best  known  are  the  secondary  compounds.    When  an  acetate  liki 

KCsHgOg  is  distilled  with  arsenous  oxide,  AssO^,  there  is  produced  i 

As(CH,)a 
compound,    |  ,  known  as  cacodyl  (from  K€uU^q^  stinking),  to 

AsCCHg), 

gether  with  the  oxide  of  the  same,   Jch')  As^^*  known  as  cacodyl 

oxide.  The  crude  mixed  distillate  was  first  obtained  by  Cadet,  in  176C1, 
and  called  "alkarsin,**  and  investigated  by  Bunsen  in  1838.  The  free 
base  cacodyl  is  of  sickening  odor,  inciting  to  immediate  vomiting. 

The  antimony,  boron,  and  silicon  compounds  have  also  been  obtained, 
the  last  named  derived  from  SiH4,  resembling  the  methane  derivatives. 

Organo-metallic  compounds,  such  as  zinc-methyl,  Zn(CH3)2,  and  zinc- 
ethyl,  Zn(CaHa)a;  mercury-methyl,  Hg(CH8)a,  and  mercury-ethyl,  Hg- 
(CaH5)a;  aluminum-methyl,  A1(CH8)8;  lead-methyl,  Pb(CH8)j,  and 
lead-ethyl,  Pb(CaH5)a ;  and  tin-tetramethyl,  SnCCHa)*,  and  tin-tetraethyl, 
Sn(CaH5)4,  have  all  been  prepared. 

IX.    Carbohydrates. 

We  find  very  widely  distributed  in  the  vegetable  kingdom  a 
class  of  compounds  which  are  of  the  greatest  importance  as  food- 
products  in  the  support  of  animal  life,  and  play  an  important  par 
in  the  nutrition  of  the  living  organism.  These  compounds  hav€ 
been  termed  "  carbohydrates,*'  because  they  contain  along  with 
carbon  the  elements  hydrogen  and  oxygen  in  the  ratio  of  2  to  i 
or  as  they  exist  in  water.  They  also  bear  a  simple  relation  to  th* 
hexatomic  alcohols  mannite  and  dulcite  (see  p.  582),  the  formula 
of  which  were  CeHi40a.  As  the  formula  of  one  group  of  carbd 
hydrates  is  CeHjaOg,  and  several  of  them  can  be  formed  by  the 
careful  oxidation  of  these  hexatomic  alcohols,  it  ^i-as  suppose 
they  were  aldehydes  or  ketones  of  these  alcohols,  and  such 
fact  they  proved  to  be.  A  second  group  of  the  carbohydrat^= 
witli  the  formula  CuHajOij,  seem  to  be  simply  anhydrides  of  t^l 
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fkr^^X:  aldehydic  or  ketonic  group  ;  and  the  third  group,  with  the 

forrxiula  (CaH^O,)^,  are  still   more  complex  anhydrides.     The 

of  "hydrolysis'*  is  capable  of  causing  these  anhydrides 

Tjake  up  water  and  yield  compounds  of  the  other  group.     De- 

t  c  the  large  number  of  these  carbohydrates  occurring  in  nature, 

til  very  recently  it  had  not  been  found  possible  to  form  any  of 

by  synthetic  means.     A  beginning  has  now  been  made  in 

s   work,  however,  by  the  German  chemist  Emil  Fischer,  and, 

le  the  more  important  of  the  carbohydrates  still  remain  inca- 

le  of  artificial  formation,  the  way  is  clearly  indicated.     The 

^  '^  «"^nber  of  artificial  compounds  formed  makes  it  necessary  to 

siden  the  classification  hitherto  adopted,  and,  instead  of  the 

grouping  of  Glucoses y  C^H^jO^,  SucroseSy  C^jHjjOjj,  and 

closes y  (CeHiQOj)^,  we  now  classify  them  as  follows  : 

.  Monosaccharides. — 

rioses. — Glycerose,  CgH^Oa  (prepared  from  glycerin  by  oxi- 
on'. 

^eiroses. — Erythrose,  €411,04  (prepared  from  erythrite  by 
<dation). 
^entases, — Arabinose,  C^^^qO^  (prepared  by  the  action  of 
te  sulphuric  acid  upon  laevo- rotatory  gum  arabic)  ;  xylose, 
10O5  (prepared  by  boiling  beech- wood  and  jute  with  dilute 
<ris)  ;  ribose,  CjHjqO,  (prepared  from  arabinose  by  heating 
^*'"*  til  pyridine)  ;  rhamnose  or  isodulcite,  €5119(0 Hg)©^,  a  methyl- 
l^^x"^tose  (prepared  by  the  decomposition  of  glucosides  like  quer- 
^^*^^^n) ;  fucose,  C5Hg(CH3)05  (obtained  from  sea- weeds  by 
"  >^  <:Jrolysis). 

^exoses  are  divided  into  two  groups, — the  aldoses y  in  which  the 
^hydic  character  is  shown,  and  the  ketoses,  in  which  the  ketone 
fc^iacter  is  indicated  by  their  reactions.  To  the  aldose  group 
^Dng  mannose,  C^HjgOg  (obtained  by  the  careful  oxidation  of 
»inite)  ;  glucose,  CgH^gOe  (of  which  the  dextro-rotatory  va- 
t  y  is  the  naturally  occurring  dextrose)  ;  gulose,  CeH^aO^  ''ob- 
"^ed  as  yet  only  artificially)  ;  galactose,  CgHigOg  (obtained  by 
^  ^^  inversion  of  milk  sugar)  ;  talose,  C^H^aOe  ("obtained  as  yet 
-^*^^  3r artificially)  ;  rhamno-hexose,  CgH^iCCHajOg  Cobuiined  arti- 
^^-^lyfirom  rhamnose).  To  the  ketose  group  belong  fructose 
^^  ^"  levulose),  C^H^O,  (obtained  along  with  glucose  in  the  inver- 
"  ^^^^  of  cane-sugar)  ;  acrose,  CgHj^O^  ^obtained  as  yet  only  arti- 
^^"^-^ly);  sorbinose,  C^Hj^O,  (obtained  from  mountain-ash 
^^ries). 
--^eptoses. — Manno-heptose,  Q^^^^  (obtained  artificially  from 
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mannose)  ;  gluco-heptose,  C7H14O7  (obtained  artificially  from 
glucose). 

Ocioses. — Manno-octose,  C^Hj^O,  (obtained  artificially  from 
mannose)  ;  gluco-octose,  CgH^gOg  (prepared  from  the  correspond- 
ing glucose). 

Nonoses.—MdinnO'nonos^,  CgH^^Og  (prepared  fi-om  the  corre- 
sponding mannose)  ;  gluco-nonose,  C^Hj^O,  (prepared  from  the 
corresponding  glucose). 

2.  Disaccharides  and  Trisaccharides. — 
Tribioses  and  Tetrabioses  are  as  yet  unknown. 
Pentabhses, — Arabinon,  C^gH^gOg  (has  been  prepared  by  the 

moderated  action  of  dilute  sulphuric  acid  upon  arable  acid). 

Hexabioses, — Sucrose  (cane  sugar),  C^jH^Oix  ;  lactose  (milk 
sugar),  CiaH„On  -f  HgO  ;  maltose,  CigH^On  ;  isomaltose, 
CjgHjjOii ;  trehalose  (mycose),  C^jH^Oix ;  melabiose  (eucalyn),  ^  ^ 
CjgHjjOii ;  turanose,  CiaHjjOjj  (obtoined  by  the  partial  hydrol-  _/ 
ysis  of  melezitose). 

Hexatrioses, — Meletriose  (rafiinose),  CxgH^O^^;   melezitose,     ^^^ 

3.  Polysaccharides. — 

(a)  CrystalHzable  Polysaccharides, — Gentianose  (from  Genii — "^-^^i 
ana  iuiea)  ;  lactosin  (from  Silena  vulgaris^  ;  and  stachyose  (froi 
Stachys  tuberifera), 

(J>)   Uncry stall izable  Polysaccharides, — These   include    thi 
sub-groups  of  related  compounds  : 

Starches,   lichenin   (from   Iceland  moss),  inulin  (from  InuU 
helenium),  triticin,  and  glycogen  (or  animal  starch). 

Dextrine  (or  artificial  gum),   natural  gums  (including  gui 
arabic,  wood-gum,  bassorin,  etc.),  and  pectin  substances. 

Cellulose,  lignin,  and  tunicin  (or  animal  cellulose). 

The  monosaccharides  as  a  class  are  neutral,  taste  sweet,  an* 
are  colorless  and  odorless.     They  are  all  easily  soluble  in  watei 
difficultly  soluble  in   absolute   alcohol,  and  insoluble  in  eth< 
They  are  easily  oxidizable,  and  therefore  all  reduce  alkaline  solui 
tions  of  metallic  salts.     The  solution  usually  taken  for  this  rea< 
tion  is  an  alkaline  solution  of  copper  tartrate  known  as  * 
ling's  solution.**     This  reaction  takes  place  quantitatively,  an 
hence  Fehling*s  solution  serves  as  a  means  of  estimating  sugars 

The  directions  of  the  U.  S.  Pharmacopoeia  for  its  preparation  a 
'*  Dissolve  34.64  dm.  of  carefully  selected,  small  crystals  of  pure  cup 
sulphate,  showing^  no  trace  of  efflorescence  or  adhering  moisture,  i 
sufficient  quantity  of  water  to  make  the  solution  measure,  at  or  n 
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15®  C,  exactly  500  C.c.  Keep  this  in  small,  well-stoppered  bottles.  Dis- 
solve 173  Gm.  of  potassium  and  sodium  tartrate,  and  125  Gm.  of  potas- 
sium hydrate,  in  a  sufficient  quantity  of  water  to  make  the  solution 
measure,  at  or  near  15°  C,  exactly  500  C.c.  Keep  the  solution  in  small, 
rubber-stoppered  bottles.  For  use,  mix  exactly  equal  volumes  of  the 
two  solutions  at  the  time  required.  One  cubic  centimeter  of  the  mixed 
solution  is  the  equivalent  of: 

Gramme. 

Cupric  sulphate,  crystallized,  CuSO^  +  sHgO  ....   0.03464 

Cupric  tartrate,  CuC4H40e  +  3H2O 0.03685 

Glucose,  anhydrous,  C^H^aOe 0.00500*' 

Very  characteristic  for  the  monosaccharides  is  the  reaction 
with  phenyl-hydrazine,  C^Hg.NH.NH,.  When  this  reagent  in 
dilute  acetic  acid  solution  is  heated  with  these  compounds,  these 
form  difficultly  soluble  and  crystalline  osazones,  by  means  of 
which  they  can  be  separated  and  identified. 

The  monosaccharides  are  not  equally  subject  to  the  decompo- 
sitions in  the  presence  of  micro-organisms  known  as  **  fermenta- 
tions." The  trioses,  hexoses,  and  nonoses  appear  to  be  readily 
fermentable,  while  the  pentoses,  heptoses,  and  octoses  are  not 
decomposed. 

The  trioses,  tetroses,  and  pentoses  are  not  of  sufficient  impor- 
tance to  require  more  than  the  mention  already  given  in  the  clas- 
sification. The  hexoses,  however,  include  not  only  a  number  of 
important,  naturally  occurring  sugars,  but  compounds  obtained 
in  the  hydrolysis  of  the  di-,  tri-,  and  polysaccharides. 

Mannosey  C^HijOe,  is  obtained  by  the  careful  oxidation  of 
mannite,  and  by  the  hydrolysis  by  means  of  dilute  sulphuric  acid 
of  many  natural  carbohydrates,  such  as  salep  mucilage  and  hemi- 
cellulose  from  vegetable  ivory-nuts,  palm-nuts,  etc.  Hard, 
friable  powder,  easily  soluble  in  water,  and  fermentable  with 
yeast. 

Glucose^  CeHjjO^. — This  is  the  most  widely  distributed  of  the 
hexose  dass.  It  occurs,  under  the  common  name  of  **  grape 
sugar,"  along  with  fructose  (fruit  sugar)  in  most  sweet  fruits  and 
juices.  Grape  juice  contains  10  to  30  per  cent.,  figs  12  per 
cent.,  sweet  cherries  9  to  10  per  cent.,  apples  and  pears  7  to  10 
per  cent,,  plums  and  apricots  2  to  5  per  cent.  Small  amounts  of 
this  sugar  are  found  in  the  blood  as  well  as  in  most  of  the  organs 
and  tissues  of  the  body.  In  the  disease  known  as  *' diabetes 
mellitus"  the  urine  contains  larger  amounts  (as  high  as  8  to  10 
per  cent.).  It  is  most  readily  prepared  by  the  hydrolysis  (in- 
version) of  the  carbohydrates  of  the  higher  classes  like  cane 
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sugar,  which  yields  a  mixture  of  equal  motecules  of  glucnse 
(dextrose)  and  fructose  tlevulose),  and  starch,  which  yields  prod- 
ucts like  dextrin  and  maltose,  which  gradually  pass  into  glucose, 
The  commercial  glucose  (or  starch  sugar)  is,  however,  ncvtr 
perfectly  converted,  and  contains,  besides  dextrine  and  maltose, 
unfermentable  sugars  as  alterative  products. 

Glucose  crystallizes  out  of  alcohol  or  from  concentrated  aqueous 
solution  at  30°-^$"  in  anhydrous  needles  or  hard  crusts,  whidi 
fuse  al  146°.  At  ordinary  temperatures  it  crystallizes  out  of 
aqueous  solution  with  l  molecule  of  water  in  warty  masses.  It 
is  distinctly  inferior  in  sweetness  of  taste  10  cane  sugar. 

Ca/adose,  CgH„Oj,  is  produced  along  with  glucose  by  the 
hydrolysis  of  milk  sugar  as  well  as  from  many  other  carbo- 
hydrates, such  as  gums.  Is  also  obtained  as  a  decompositioa 
product  of  the  cercbrin  of  the  brain.  Crj'stallizes  iji  small  crys- 
tals, fusing  at  168°,  and  is  fermentable. 

Frudose,  C^H^jO,,  known  also  as  Fruit  sug^ar  or  Levulose, 
is  found  along  with  glucose,  and  at  times  with  cane  sugar,  also  in 
ripe  fruits,  also  found  in  honey.  By  boiling  cane  sugar  with 
dilute  acids  equal  molecules  of  dextrose  and  levulose  are  pro- 
duced. It  is  also  formed  by  the  decomposition  of  inulin  with 
dilute  acids.  Forms  a  syrup  or  needles,  which  unite  to  rounded 
aggregates,  and  fuse  at  95".  Tastes  sweet,  and  is  las\o- rotatory. 
Is  fermentable  by  yea.st,  but  more  slowly  than  glucose,  li  forms  a 
difficultly  soluble  compound  with  calcium  oxide,  C,H,(CaOH),0^ 
by  means  of  which  it  can  be  separated  from  the  more  soluble 
dextrose  compound  when  the  two  are  present  together,  as  in 
invert  sugar, 

Levulose  has  recently  been  introduced  into  medicine  under  the 
name  of  "diabetin,"  and  b  made  from  invert  sugar,  as  indicated 

Acrose,  C^HjgO,  (so  named  because  prepared  from  acrolein), 
is  an  artificial  sugar  first  made  by  Emil  Fischer,  and  is  interesting 
as  having  yielded  by  various  synthetical  reactions  three  other 
artificial  sugars,  ^man nose,  glucose,  and  fructose. 

The  heptoses,  octoses,  and  nonoses  have  as  yet  only  a  theo- 
retical interest. 

The  disaccharides  are  a  most  important  class,  and  include  scl- 
eral of  the  best  known  of  the  sugars.  Under  the  group  hexa- 
bioses  we  have  sucrose,  or  cane  sugar,  lactose,  or  milk  sugar,  and 
maltose,  or  malt  sugar,  as  the  most  important.  All  these  sugars 
are  capable  of  inversion  or  liydrol>'sis  in  the  presence  t 
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acids  as  well  as  certain  ferments,  and  then  yield  products  belong- 
ing to  the  class  of  monosaccharides.  Thus,  sucrose,  on  inversion, 
yields  a  mixture  of  dextro-glucose  and  fructose ;  milk  sugar 
)*ields  dextro-glucose  and  galactose  ;  and  maltose  yields  dextro- 
glucose  alone.  Milk  sugar  and  cane  sugar  are  not  fermentable 
with  yeast  until  after  inversion  ;  m.iltose  is  direcdy  fermentable. 
Cane  sugar  has  no  effect  upon  Fehling's  solution,  while  milk 
sugar  and  maltose  have  a  reducing  effect. 

Sucrose  (or  Cane  Sugar),  Cj^H^jOu  (Saccharum,  U.  S.  P.), 
is  very  widely  distributed  in  nature,  especially  in  the  sugar-cane 
(^Saccharum  officinarutn)^  which  contains  from  16  to  20  per 
cent.;  in  the  sugar-beet,  which  contains  from  12  to  16  per  cent.; 
in  the  sorghum-cane,  which  contains  from  7  to  10  per  cent. ;  in 
the  sugar-maple,  the  juice  of  which  contains  from  3  to  4  per 
cent.;  in  Indian  com,  and  in  many  fruits.  The  extraction  and 
commercial  manu&cture  is  practically  limited  to  the  t\*'o  sources 
first  named,  the  sugar-cane  and  the  sugar-beet.  An  outline  of 
the  process  of  manufacture  will  be  appended  to  this  section. 

Pure  sucrose  crystallizes  in  anhydrous,  monoclinic  crystals, 
melting  at  160°.  Easily  soluble  in  water,  difficultly  soluble  in 
alcohol,  insoluble  in  ether,  chloroform,  or  carbon  disulphide.  Is 
dextro-rotatory,  its  specific  rotator^'  power  being  -f  66.5°  for  rays 

The  optical  analysis  of  sugar  solutions  is  effected  by  the  aid  of  the 
polariscope  (see  p.  80),  an  instrument  in  which  the  ray  of  polarized  light 
is  made  to  pass  through  a  definite  length  (usually  100  or  200  mm.)  of  a 
solution  made  up  by  dissolving  a  definite  weight  of  the  sugar  (26.048  gm. 
in  most  instruments)  in  100  c.c.  of  pure  water,  and  filtering  if  necessary. 
The  plane  of  the  ray  is  rotated  thereby  through  a  certain  angle,  and  on 
rotating  the  analyzing  prism  of  the  polariscojje  through  a  corresponding 
angle  in  the  opposite  direction  the  effect  is  just  compensated  for.  The 
circular  scale  on  the  tube  rotated  is  graduated  in  percentage  numbers,  so 
that  the  percentage  streng^  of  the  sample  in  pure  sugar  can  be  read  off 
at  once. 

Cane  sugar  does  not  reduce  Fehling's  solution,  nor  is  it  directly 
fermentable  with  yeast,  as  is  glucose.  Prolonged  contact  with 
the  yeast,  however,  brings  about  an  inversion  through  the  action 
of  the  soluble  ferment  invertin  present  in  the  yeast,  and  then 
the  products  of  the  inversion,  dextrose  and  levulose,  at  once  fer- 
ment. Cane  sugar  unites  with  lime  and  strontia  to  form  insoluble 
saccharates,  such  as  CuH^jOu  -f  3CaO  and  C^jH^aOii  +  2SrO. 
Concentrated  sulphuric  acid  dehydrates  and  chars  the  sugar,  pro- 


> 


63S  ORGANIC  CHEMISTRY. 

ducing  a  coke.     Prolonged  action  of  dilute  hydrochloric  ad 
converts  sugar  into  levulinic  acid  (see  p.  614). 

Lactose,  or  Milk  Sugar,  CijHjjOn+HjO  (Sacchanim  Lac 
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tis,  U.  S.  P.). — This  variety  of  sugar  occurs  in  the  milk  of  t 
mammalia  to  the  extent  of  from  3  to  6  per  cent. ,  and  is  usuall 
obtained  from  the  **whey"  or  thin  liquid  which  remains  whe 
the  casein  has  been  coagulated  by  rennet.     It  crystallizes  in  han 
white  crystals  with  i  molecule  H^O.     It  is  less  sweet  than  ca 
sugar,  and  less  soluble  in  water ;  insoluble  in  alcohol,  ether,  a 
chloroform.     It  is  dextro-rotatory,  [a]o  =  52.5^.     It  differs  fro 
cane  sugar  in   having  a  direct   reducing  power  on  Fehling 
solution. 

Maltose,  ^v^vf^w  results  from  the  action  of  the  diastase  <        ^f 

malt  upon  starch  during  the  germination  of  cereals  (as  in  maltii ig 

of  grain),  and  also  as  an  intermediate  product  on  boiling  starc=zrh 
with  dilute  sulphuric  acid.  It  forms  fine,  white  needles,  cryst^^Bl- 
lizes  with  i  molecule  of  H^O,  and  is  easily  soluble  in  water.  It 

is  strongly  dextro-rotatory,  [a],  =  +137^.  It  reduces  Fehlin 
solution,  the  reducing  power  being  about  two-thirds  that  of  gl 
cose,  is  easily  decomposed  by  alkalies,  is  fermented  with  yea? — ^t, 
and  yields  on  hydrolysis  with  dilute  acids  only  dextro-glucos^s-e. 
Neither  maltose  nor  lactose  reduces  Barfoed's  reagent  (an  ace^^c 
acid  solution  of  copper  acetate),  and  in  this  way  may  be  distL  Ji- 
guished  from  glucose. 

Isomaltose,  ^xal^vf^w  ^^  formed  synthetically  from    dexti O" 

glucose  by  the  prolonged  action  of  strong  hydrochloric  acid  ^^ 
io°-i5°,  and  is  contained  in  commercial  starch  sugar  because  -^^ 
such  retrograde  action.  It  is  also  a  product  of  the  action  '^^ 
diastase  upon  starch,  and  is  present  in  malt ;  as  it  undergo*  "^ 
fermentation  only  slowly,  it  is  usually  present  imchanged  in 
mented  malt  liquors,  such  as  beer  (amounting  to  25-30  i>er  ce 
of  the  beer  extract  at  times).  It  is  intensely  sweet,  and  chang  ^^ 
at  65°  into  yellowish-brown  products  of  roasting,  which  are  al=^  -^ 
sweet  and  give  character  to  the  roasted  malt. 

The  most  important  trisaccharide  or  hexotriose  is 

Mclitriose  or  Raffinose,  CigH^jOje. — ^This  sugar  is  found  intf^^  "^ 
sugar-beet,  and  hence  obtained  in  the  working  of  the  mo 
from  the  same ;  also  in  the  Eucalyptus  manna,  in  cotton 
cake,  etc.     Is  less  soluble  in  water  than  cane  sugar,  and  almc — 3St 
devoid  of  sweet  taste.     Strongly  dextro-rotatory,  [a],  =  I03.i«^^' 
It   does   not   reduce   Fehling' s   solution.     Readily  fermentsL'fcfc 
with  yeast.     When  inverted,  yields  first  finictose  and  melibk^^sf. 
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and  the  latter  is  then  decomposed  into  galactose  and  dextro- 
glucose. 

The  crystallizable  polysaccharides  mentioned  are  as  yet  of 
slight  importance.  The  uncrystallizable  polysaccharides,  on  the 
other  hand,  include  compounds  of  the  greatest  importance  in  the 
growth  of  vegetable  life,  and  as  the  basis  of  food  preparations 
used  for  human  sustenance. 

Starch,  iS^JAxfP^v.  (Amylum,  U.  S.  P.),  is  very  widely  dis- 
tributed, being  contained  in  all  assimilable  plants,  in  which  it 
constitutes  a  reserve  material.  As  such  it  is  contained  especially 
in  the  roots,  tubers,  seeds,  fruit,  and  in  the  medullary  rays  of  the 
trees  during  the  winter.  During  the  movement  of  the  sap  of  the 
plant  it  is  changed  into  sugar.  Starch  is  extracted  practically 
from  potatoes  (containing  21  per  cent.),  from  maize  or  Indian 
corn  (containing  50  per  cent.),  from  wheat  (containing  64  per 
cent.),  and  from  rice  (containing  77  percent.).  Specially  rich  in 
starch  also  are  the  tropical  plants,  such  as  arrow-root,  sago,  and 
manihot. 

Starch  consists  of  a  white,  velvety,  somewhat  hygroscopic 
powder,  recognized  under  the  microscope  as  made  up  of  granules 
of  round  or  slightly  elongated  shape  which  show  a  concentric 
structure.  The  interior  substance  of  the  granule,  or  the  true 
starch  material,  is  called  **granulose,**  and  is  readily  dissolved 
under  the  action  of  diastatic  ferments,  while  the  exterior  shell  is 
a  cellulose  material  called  *  *  farinose, '  *  and  is  not  acted  upon  by 
ferments. 

The  most  complete  classification  of  the  starches  is  that  of 
Muter  as  amplified  by  Blyth,  by  which  they  are  divided  into  five 
groups,  on  the  basis  of  their  physical  and  microscopical  differ- 
ences, as  follows : 

(a)  The  potato  group  includes  such  oval  or  ovate  starches  as 
give  a  play  of  colors  when  examined  by  polarized  light  and  a 
selenite  plate,  and  have  the  hilum  and  concentric  rings  clearly 
visible.  It  includes  tout  les  mois,  or  canna  arrow- root,  potato 
starch,  maranta,  or  St.  Vincent  arrow-root,  Natal  arrow-root,  and 
curcuma  arrow-root. 

(jti)  The  leguminous  starches  comprise  such  round  or  oval 
starches  as  give  little  or  no  color  with  polarized  light,  have  con- 
centric rings  all  but  invisible,  though  becoming  apparent  in 
many  cases  on  treating  the  starch  with  chromic  acid,  while*  the 
hilum  is  well  marked  and  cracked,  or  stellate.  It  includes  the 
starches  of  the  bean,  pea,  and  lentil. 


taKBC  hi*  UnM  .nB  « 


4r  7MKaigm£»¥m^9m^m^A^sna^tst£% 


t.iByifciii  Mini 


F»«Fa 


■  ■  wiiwi  M  r 


■  k6«ni«««fiL  a>fai« 


TkacMMtfkM 


;  ^  '   ■"  Tlr  I 


tbc  ■^■^loc  of  bnhohsB  CIS  alsv  be  caHSBa  11 


pfodKI.     Mi^  fenon,  Kc  9d<a.  Ac  I 


L  >bI  raid  idnr.  C„H.P„  a 


N 


642  ORGANIC  CHEMISTRY. 

and  the  distinguishing  tests  by  which  they  may  be  recogniz 
may  be  stated  as  follows  : 

Starch gives  a  blue  iodine  reaction. 

Soluble  starch  (amylo-dextrine)    .  gives  a  blue  iodine  reaction. 

{Erythro-dex trine    .   .  g^ves  a  violet  and  red  iodine 
Achroo-dextrine     .   .  gives  no  iodine  reaction. 
Malto-dextrine    .   .   .  gives  no  iodine  reaction. 
Maltose  ....  reduces  Fehling's  solution  but  not  Barfoed*s  reagent 
Dextrose    .   .   .  reduces  Fehling's  solution  and  also  Barfoed*s  reagent* 

Strong  nitric  acid  in  the  cold  acts  upon  starch,  producing  nitr 
derivatives,  such  as  mono-,  di-,  and  tetra-nitro-amylose,  coU 
tively  known  as  xyloidin. 

Lichc7iin  is  prepared  from  lichens  as  a  gelatinous  mass  (I 
land  moss),  soluble  in  water,  and  precipitable  in  flocks  on  ad 
tion  of  alcohol. 

Inulin  (CgHioOg)^,  is  obtained  from  the  roots  of  Inula  heh 
iuniy  from  the  Dahlia,  Helianthus,  and  other  sources.     Forms        -^  a 
white  powder  made  up  of  microscopical  spherules.     Elasily  soIp^   —u- 
ble  in  water  and  in  copper  oxide-ammonia  (Schweizer's  reagentz^at). 
Does  not  reduce  Fehling's  solution,  but  does  reduce  ammoniac        A 
silver  solution. 

Glycogen,   (C^^qO^^, — Known  also  as  animal   starch, 
found  most  abundantly  in  the  livers  of  mammalia  and  in  nota 
quantities   in   the  tissues  of  the  embrj'o.      White,  amorpho 
powder,  soluble  in  water  to  an  opalescent  dextro-rotatory  liqui 
which  is  colored  red  with  iodine.     After  the  death  of  the  ani 
the  glycogen  changes  to  dextrose  very  rapidly,  and  the  sai 
change  takes  place  when  it  is  boiled  with  dilute  acids,  while  f< 
ments  change  it  into  maltose. 

Dextrine,   (C^W^^O^^, — This  substance  can  be  formed  fr 
starch  by  the  action  of  dilute  acids,  of  diastase,  or  by  heat  aloi^ 
In  the  latter  case  the  reaction  is  merely  one  of  molecular 
rangement,  and  may  be  approximately  expressed  by  the  reacti^^   ^^ 
2{C^H^qO^)^^  2>^C^H^qO^\,     In  the  other  cases  it  is  probabrr:*^^ 
that  hydrolysis  gives  rise  to  several  successive  changes,  and  difTi^^^*'' 
ent  dextrines  are  considered  as  being  formed  successively,  su-^^^" 
as  erythro-dextrine,  achroo-dextrine,  and  malto-dextrine,     Tecr    ^' 
nically,  dextrine  is  obtained  by  the  heating  of  starch  after  mo^^S-**^' 

ening  with  dilute  acids.     Dextrine  is  a  white  or  yellowish-bro **" 

powder,  readily  soluble  in  water,  from  which  solution  it  may —    ^ 
precipitated  on  addition  of  alcohol.     Gives  a  red  color  with  iodS^  tit. 

'•  Sadtler's  Industrial  Organic  Chemistry,  p.  163. 
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Is  dextro-rotatory.  It  does  not  reduce  Fehling's  solution  nor 
Barfoed's  reagent.  It  is  not  directly  fermentable,  but  in  the  pres- 
ence of  diastase  it  goes  over  into  fermentable  products.  Dextrine 
is  used  as  a  substitute  for  the  natural  gums  in  calico-printing  and 
manufacture  of  textile  goods  for  a  stiffening  material,  and  for  glaz- 
ing paper  and  card-board,  and  enters  into  many  food  products. 

The  natural  gums  are  a  class  of  vegetable  products  which  occur 
at  times  as  amorphous,  translucent,  or  transparent  exudations,  as 
in  the  case  of  gum  arabic,  or  are  extracted  by  dilute  alkalies  from 
the  plants,  and  then  are  thrown  out  of  solution  on  addition  of 
hydrochloric  acid  and  alcohol,  as  in  the  case  of  the  wood-gums. 
These  g^ms  are  soluble  in  water,  forming  thick,  sticky  solutions, 
which  can  be  filtered,  however.  They  do  not  reduce  Fehling's 
solution,  but  by  heating  with  dilute  acids  yield  monosaccharides 
like  arabinose,  xylose,  dextrose,  and  galactose. 

Somewhat  similar  products,  but  only  partially  soluble  in  water, 
are  the  vegetable  mucilages.  These  do  not  dissolve,  but  swell 
up  with  water  to  form  liquids  which  cannot  be  filtered. 

Gum  Arabic  (Arabin  or  Calcium  Arabate). — This  substance 
(Acacia,  U.  S.  P.)  is  an  exudation  from  the  acacia  and  mimosa 
species  of  Africa  and  the  Orient.  It  contains  about  3  per  cent. 
of  ash,  and  on  adding  hydrochloric  acid  to  the  aqueous  solution 
and  precipitating  with  alcohol,  a  colorless,  amorphous  substance 
is  obtained.  This  is  arabic  acid.  On  hydrolysis  it  yields  galac- 
tose, arabinose,  and  a  pentabiose  named  arabinon.  The  so-called 
**  metapectic  acid,"  from  the  pulp  of  the  sugar-beet,  is  considered 
to  be  identical  with  arabic  acid. 

Related  to  the  acacia  gums  are  wood-gum,  from  the  wood  of 
foliage  trees,  yielding  xylose  on  hydrolysis  ;  cherry-gum^  the 
gum  of  cherry-  and  almond-trees,  yielding  /-arabinose  on  hydrol- 
ysis ;  peach-gum,  from  the  peach-tree,  yielding  arabinose  and 
galactose  on  hydrolysis  ;  barley -gujn,  obtained  in  the  nitrogen- 
free  extractive  material  of  cereals,  yielding  galactose  and  xylose. 

Bassorin  is  the  mucilaginous  constituent  of  gum  bassorin  and 
gum  tragacanth  (Tragacantha,  U.  S.  P.). 

Carragheen  is  the  mucilaginous  constituent  of  Irish  moss 
(Chondnis,  U.  S.  P.).  Is  not  precipitated  from  its  solutions  on 
addition  of  alcohol ;  yields  galactose  on  hydrolysis  with  dilute 
sulphuric  acid.  The  pectine  substances  which  are  found  in  cer- 
tain fruits  like  apples  and  pears,  and  in  fleshy  roots  like  the  beet 
and  the  carrot,  are  also  closely  related  to  the  carbohydrates. 
Their  concentrated  solutions  gelatinize  on  cooling. 
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Cellulose  is  the  name  given  to  the  material  of  which  the  gro 
Ing  plant-cell  is  composed  ;  as  the  membrane  becomes  older  ir 
crustations  of  mineral  salts  occur,  and  the  cellulose  also  underg 
partial  change  into  lignin,  a  closely  related  substance. 

Cellulose  is  insoluble  in  the  ordinary  solvents,  and  therefore 
prepare  it  in  a  state  of  purity  the  plant-fibres  like  cotton  and 
are  treated  successively  with  water,  alcohol,  ether,  dilute  alkali 
dilute  hydrochloric  and  hydrofluoric  acids.     The  residual  fibre  is 

then  chemically  pure  cellulose.     We  have  an  example  of  this  in 

Swedish  filter  paper,  which  has  been  prepared  in  this  way  fiST^or 
quantitative  analytical  use.  The  cotton  fibre  is  also  convenient  ^i^lly 
purified,  and  then  furnishes  a  very  pure  cellulose  (Gossypiu^  m 
Purificatum,  U.  S.  ?.)•     Pure  cellulose  is  amorphous,  and,  as 

stated,  insoluble  in  ordinary  solvents.     It  is  soluble,  however,  in 

an  ammoniacal  solution  of  cupric  hydrate  (Schweizer's  reagent^^), 
and  is  thrown  out  of  this  solution  on  addition  of  acids  and  salt 
After  washing  with  alcohol  it  forms  a  white,  amorphous  powd< 
Boiling  with  dilute  acids  converts  it  into  dextrine  and 
while  concentrated  sulphuric  acid  converts  it  into  amyloid^  £ 
amorphous,  translucent  mass. 

In  the  manufacture  of  parchment-paper  advantage  is  taken  of 
amyloid  formation.     Unsized  paper  is  passed  rapidly  through  strong 
phuric  acid,  which  causes  a  superficial  change  of  the  cellulose  into  ai 
loid  ;  the  paper  is  then  washed  wit|i  water  to  free  it  from  the  adheri 
acid  and  hung  up  to  dry.    The  paper  is  thus  made  much  stronger  and 
pervious  to  liquids,  as  the  pores  are  filled  with  the  colloidal  cellulose. 

A  mixture  of  nitric  and  sulphuric  acids  has  a  **  nitrating  effect 
and  gives  rise  to  a  series  of  nitric  esters  or  so-called  **  nitrocell"^ 
loses."     Taking  the  formula  of  cellulose  as  ^v^vPxo^  ^^  ^^^ 
series  beginning  with  a  dinitrate,  CiaHjgOeCNO,),,  and  runni 
to  the  hexanitrate,  ^x^xS^^^^^^^     Of  these  the  highest  (t 
hexanitrate)  constitutes  the  true  explosive  gun-cotton,  and  is  i        "* 
soluble  in  alcohol,  ether,  or  a  mixture  of  the  two.     A  mbcture  ^^^ 
the  tetranitrate  and  the  trinitrate,  on  the  other  hand,  constitutor  es 
Pyroxylin,  U.  S.  P.,  and  is  soluble  in  a  mixture  of  alcohol  a^r^d 
ether,  the  solution  forming  Collodion,  U.  S.  P.     In  the  prepr^^a- 
ration  of  this  latter  the  Pharmacopoeia  prescribes  the  dissolvi  -^ng 
of  30  gms.  of  pyroxylin  in  a  litre  of  the  solvent,  made  up  o^  3 
parts  of  ether  and  i  part  of  alcohol.     From  this  solutioo    oa 
evaporation  of  the  solvent  the  proxylin  is  left  as  a 
flexible  film. 
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■ar-beet,  is  essentially  the  same.  The  raw  si^rs  are  "melted,"  that 
dissolved  in  hot  water,  and  then  the  solution  is  defecated  with  the  aid 
alood  albumen,  filtered  through  bag-filters  (or  filter-presses  in  the  case 
Ijeet  sugar),  and  then  through  bone-black,  from  which  it  comes  prac- 
ily  colorless.  It  is  then  evaporated  in  vacuum-pans  to  the  crystal- 
ag  point  or  "  strike,"  and  allowed  to  cool  and  thoroughly  crystallize. 
S  augma  of  crystals  and  syrup  is  then  put  into  a  centrifijgal  and  the 
up  separated.  The  grocery  sugars  are  ready  for  barrelling  as  they 
M  frotn  the  centrifijgal,  while  the  white  crystal  sugars  are  dried  by  a 
rent  of  hot  air  before  being  finished. 

.  The  Manufacture  of  Comnicrcial  Qlucoae. — This  is  made  exclusively 
n  starch  by  the  action  of  dilute  acids,  and  jn  this  country'  the  starch 
d  is  that  obtained  from  Indian  com.  Sulphuric  acid  is  generally 
ployed,  and  the  inversion  of  the  starch  is  carried  out  in  either  open 
closed  "converters."  A  form  of  closed  converter  early  used  in  the 
cose  industry  b  seen  in  Fig.  99.    The  amount  of  oil  of  vitriol  used  is 

Fig.  99. 
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d. 


square  inch.    In  the  manufacture  of  "glucose  syrup,"  the  conversion 
not  so  complete,  and  the  quantity  of  dextrine  is  larger  than  where 
solid  "grape  sugar"  is  to  be  obtained  as  the  product.    Anhydrous  ciy 
tallized  dextrose  can  also  be  obtained  as  the  end  product  of  this-tnversii^      n 
of  starch  by  Dr.  Behr*s  patent. 

3.  The  Manufacture  of  Starch.— Starch  is  obtained  commercially  froi ^m 

Indian  corn,  from  wheat,  and  from  potatoes.    As  made  from  com  in  th 
country,  the  corn  is  first  steeped  in  water  at  a  temperature  not  exceec 
ing  140°  F.  for  from  three  to  ten  days,  the  water  being  renewed  frequent! 
The  softened  corn  is  then  ground  between  burr-stones,  while  a  stream 
water  is  kept  running  continuously  into  the  hopper.    As  it  is  ground,  ti 
thin  paste  is  carried  on  to  a  series  of  rotating  or  shaking  sieves.    T 
magma  so  obtained  is  then  run  over  inclined  sieves  of  silk  bolting-clotl 
when  the  starch  goes  through  as  a  milky  liquid,  and  is  run  into  settli 
vats.     It  is  here  treated  with  a  weak  alkaline  solution,  to  dissolve  an 
remove  the  gluten,  oil,  etc.,  and  thoroughly  washed  by  agitation  an 
decantation.     It  is  finally  allowed  to  settle,  and  dried  first  in  boxes  wit 
perforated  bottom,  and  then  upon  plaster  of  Paris  supports  while  dri 
with  warm  air.     56  lbs.  of  corn  in  this  way  are  made  to  yield  28  lbs. 
purified  starch.     In  the  manufacture  of  starch  from  wheat,  the  lar; 
amount  of  gluten  makes  it  necessary  to  take  measures  to  remove  it.    Th 
is  done  in  the  '*sour"  process  by  fermentation,  the  acetic  and  oth 
organic  acids  produced  rapidly  dissolving  the  gluten  and  liberating 
starch  -granules. 

4.  The  Manufacture  of  Paper  from  Cellulose. — The  materials  utili 
in  paper-making  are  all  cellulose-containing  substances,  such  as  linen  a 
cotton  rags,  esparto  grass,  straw,  jute,  manila,  and  wood-fibre.    The  fi 
chemical  treatment  after  the  mechanical  preparation  of  the  material 
ordinarily  the  boiling  with  caustic  alkali.     In  the  case  of  the  rags,  this  h 
the  effect  of  thorough  cleansing ;  in  the  case  of  esparto,  straw,  etc., 
combines  with  the  resin  and  silica,  liberating  the  cellulosic  fibre  ;  in  th 
case  of  wood,  however,  the  action  is  necessarily  a  more  fundamental  on 
as  the  true  cellulose  is  not  only  incrusted  with  mineral  matter,  but  coi 
bined  with  lignin.     In  the  preparation  of  chemical  wood-pulp,  howeve 
there  are  two  distinct  processes,  the  "soda-pulp  process"  and  the  "sul 
phite  process. ' '     In  the  former,  the  chipped  wood  is  digested  under  se\'e 
atmospheres'  pressure  with  caustic  alkali  to  effect  its  disinteg^tion  ;  in  th 
latter,  calcium  or  magnesium  bisulphite  is  used,  also  under  considerabl 
pressure,  to  effect  this  disintegration.     After  a  thorough  washing  of  th 
disintegrated  pulp,  it  may  be  bleached  if  intended  for  white  paper.     Thi^^ 
is  done  with  bleaching-powder  solution,  the  excess  of  chlorine  bei 
removed  with  hyposulphite  of  soda,  known,  therefore,  as  "antichlor.* 
The  bleached  pulp  is  then  mixed  with  the  proper  filling  material  an 
sizing,  and  is  ready  to  go  to  the  "  fourdrinier"  or  paper  machine. 

5.  The  Manufacture  of  Gun-cotton,  Pyroxylin,  and  Celluloid. — In 
manufacture  of  the  true  gun-cotton,  the  maximum  of  nitration  is  sough 
and  the  nitrating  mixture  is  hence  of  the  strongest  nitric  and  sulphuri< 
acids,  In  tlie  proportion  of  3  parts  of  the  latter  to  i  part  of  the  forme 
This  acid  mixture  is  cooled  first,  and  then  the  cotton  is  immersed  and  lei 
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residue.  The  density  of  celluloid  ranges  from  1.310  to  1.393.  ^Vhen 
heated  to  125°  C.  it  becomes  plastic,  and  can  be  moulded  into  any  desired 
shai>e. 

X.     Fermentation  and  Fermentation  Industries. 

We  include  under  the  name  of  fermentations  certain  methods 
of  decomposition  of  organic  compounds  which  presuppose  the 
presence  of  definite  substances  called  **  ferments/'  which  do  not, 
however,  apparently  take  part  in  the  chemical  reactions.  Their 
presence  in  relatively  small  amount  suffices  to  bring  about  the 
decomposition  of  large  quantities  of  the  fermentable  material. 

The  ferments  which  seem  to  determine  the  decomposition  may 
be  either  soluble  unorganized  ferments  or  insoluble  organized 
ferments,  which  are  minute  vegetable  growths.  The  decomposi- 
tions which  are  brought  about  by  organized  ferments  differ  quite 
notably  in  their  results  from  those  which  can  be  induced  by  mere 
chemical  reagents.  Thus,  the  decomposition  of  sugar  into  alco- 
hol and  carbon  dioxide,  as  it  is  brought  about  by  the  activity 
of  the  living  yeast-cell,  cannot  be  brought  about  by  purely  chemi- 
cal treatment.  On  the  other  hand,  the  action  of  the  unorganized 
ferments  is  much  more  analogous  to  that  induced  by  chemical 
reagents.  Thus,  the  hydrolytic  action  of  diastase  on  starch  can 
also  be  perfectly  imitated  by  treating  with  dilute  acids.  A  dis- 
tinction is  therefore  sometimes  made  between  **  true  distinctive 
fermentations'*  and  ** fermentative  decompositions.** 

With  regard  to  the  chemical  nature  of  the  enzymes,  or  soluble 
ferments,  we  only  know  that  they  belong  to  the  class  of  proteids. 
A  recent  analysis  of  diastase  by  Lintner  may  be  taken  as  t)T)ical 
of  the  class  :  carbon,  46.66  per  cent;  hydrogen,  7.35  percent.; 
nitrogen,  10.42  per  cent.;  sulphur,  1.12  per  cent;  and  oxygen, 
34.45  per  cent. 

While  soluble  in  water  and  glycerin  they  are  insoluble  in  alco- 
hol, and  are  precipitated  from  aqueous  solution  on  addition  of  lead 
acetate.  Their  activity  is  destroyed  by  heating,  that  of  diastase 
at  75°  C,  and  all  by  boiling  with  water.  Their  activit)'  is  not 
destroyed  by  the  presence  of  antiseptics,  which  arrest  the  action 
of  the  organized  ferments.  Thus,  chloroform,  thymol,  and  sah- 
cylic  acid  will  all  arrest  the  activity  of  the  organized  growth  but 
not  interfere  with  that  of  the  soluble  ferments.  Sodium  fluoride 
in  i-per-cent.  solution  is  said  to  entirely  check  the  growth  of  the 
organized  ferment,  but  is  without  action  on  those  which  are 
soluble. 
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found  in  the  pancreatic  juice,  both  have  what  is  termed  a  "pro- 
teolytic' '  power,  or  ability  to  digest  or  decompose  proteid  matter. 

Pepsin,  U.  S.  P.,  is  described  as  '*a  proteolytic  ferment  or 
enzyme  obtained  from  the  glandular  layer  of  fresh  stomachs  from 
healthy  pigs,  and  capable  of  digesting  not  less  than  3000  times 
its  own  weight  of  freshly  coagulated  and  disintegrated  egg 
albumen."  It  is  obtained  as  a  fine  white  or  yellowish-white 
powder  or  in  scales  or  grains,  soluble  in  water  or  glycerin,  but 
insoluble  in  alcohol.  It  can  bear  a  dry  heat  of  1 10°  without 
losing  its  activity,  but  heated  with  acidulated  water  to  100°  it  b 
deprived  of  all  proteolytic  power.  The  products  which  result 
from  the  action  of  pepsin  and  trypsin  upon  albuminoid  material 
are  called  peptones.  The  pancreatic  juice  contains  besides  the 
trypsin  another  soluble  ferment  known  as  steapsin^  which  has  the 
power  of  emulsifying  and  partially  saponifying  fets.  The  mixture 
of  enzymes  naturally  existing  in  the  pancreas  of  warm-blooded 
animals  and  usually  obtained  from  the  fresh  pancreas  of  the  hog 
is  the  Pancreatinum,  U.  S.  P. 

Corresponding  to  these  peptonizing  ferments  of  animal  origin 
is  a  vegetable  ferment,  papain^  obtained  from  the  milky  juice  of 
Carica papaya.  It  is  a  white,  amorphous  powder,  soluble  in  water 
and  glycerin.  It  peptonizes  proteids  very  readily,  acting  like 
trypsin.  It  is  claimed  for  it,  moreover,  that  it  digests  and  re- 
moves the  membrane  of  croup  and  diphtheria. 

The  ferment  which  is  extracted  from  the  mucous  membrane  of 
the  stomach,  and  which  has  the  power  of  coagulating  the  casein 
of  milk,  has  been  called  rennin  (or  pr^sure).  The  preparation 
called  rennet  is  usually  obtained  from  the  stomach  of  the  cal£ 

Urease  is  the  name  given  to  the  enzyme  which,  equally  with 
organized  ferments,  is  capable  of  bringing  about  the  ammoniacal 
formentation.     The  reaction   for  the   decomposition  of  urea  is 

A  few  additional  enzymes  have  been  specifically  studied,  such 
as  f>(\ti7se,  characteristic  of  the  pectic  fermentation  of  fiiiits,  etc 

riie  organized  ferments  or  vegetable  growths  may  be  divided 
\\\\o  ilirce  classes  :  first,  mould  growths  ;  second,  yeast-plants,  or 
\\\v  ditVerent  species  and  varieties  of  Saccharomyces ;  and  third, 
l».u  trria,  belonging  to  several  different  genera. 

ri\i'  nunild  growths  at  times  are  able  to  induce  fermentations, 
l»ui  ihrir  actiim  consists  much  more  in  secondary  changes  effected 
Hk  \\w  UrnuMuiiit^  bodies  or  the  products  of  fermentation.  Fe^ 
.iHihm  ^!aucutn,  the  most  widely  distributed  mould  growth, « 
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pable  of  bringing  about  a  number  of  chemical  decompositions. 
It  is  said  to  furnish  a  soluble  ferment  capable  of  inverting  cane 
sugar.  Aspergillus  glaucus  possesses  a  diastatic  ferment.  For 
the  preparation  of  the  Japanese  sak6  (or  rice-wine)  is  used  the 
Aspergillus  oryztgy  which  comes  on  the  rice  grains.  The  varieties 
of  Mucor  (J/,  racemosus  and  M,  mucedo)  develop  some  degree 
of  fermentation  in  dextrose,  invert  sugar,  and  maltose.  Oidium 
iaciis  is  found  in  milk. 

Much  the  best  defined  of  all  these  changes,  however,  is  the 
alcoholic  fermentation  as  developed  by  the  activity  of  the  yeast- 
planL  As  before  stated,  it  is  sugars  of  the  formula  C^Hj^O^ 
that  are  directly  acted  upon.  •  According  to  Pasteur,  about  95 
per  cent  of  the  sugar  is  decomposed,  according  to  the  reaction 
C^HjjOj  =  2C,H^O  +  2CO,,  while  the  rest  is  decomposed  ac- 
cording to  secondary  reactions,  yielding  a  variety  of  products,  of 
which  glycerin  and  succinic  acid  are  the  most  notable.  This 
most  important  reaction  is  developed  by  the  species  of  the  genus 
Saccharomyces.  The  species  Saccharomyces  cerevisia  is  recog- 
nized as  the  special  ferment  of  beer,  while  Saccharomyces  ellip- 
soideus  is  the  ferment  of  wine.  Of  the  6".  cerevisice^  moreover, 
two  well-characterized  varieties  can  be  distinguished.  The  first 
of  these  is  most  active  at  ordinary'  temperatures  (i6®-2o°  C), 
and  develops  its  full  fermentative  activity  in  the  course  of  3  to  4 
days  ;  the  second  develops  its  activity  at  a  lower  temperature 
(6°-8°  C. ),  and  the  action  is  much  slower.  The  first  of  these  yeast- 
plants,  placed  in  a  sugary  liquid,  is  brought  by  the  liberated  car- 
bon dioxide  to  the  surfece,  and  hence  is  said  to  develop  a  surface 
fermentation,  while  the  second  remains  at  the  bottom  during  its 
whole  activity,  and  the  action  is  called  a  bottom  fermentation. 
Uj)on  the  use  of  these  two  varieties  are  based  two  quite  distinct 
methods  of  beer  brewing. 

Within  recent  years  much  attention  has  been  paid  to  pure  cul- 
tures of  the  yeast-plant,  and  in  this  way  much  more  regular  and 
uniform  fermentations  have  been  produced  with  the  result  in  a 
better  product.  This  work  has  been  done  largely  by  Hansen, 
of  Copenhagen,  and  the  microscopical  appearance  of  three  of 
these  pure  cultures  and  the  ascospore  formation  of  the  same  are 
shown  in  Fig.  100.  Of  these  illustrations,  the  Saccharowyces 
cerevisice  and  61  pastorianus  are  beer  ferments,  while  6*.  elUpsoi- 
deus  is  the  wine  ferment. 

The  special  conditions  of  the  alcoholic  fermentation  are  :  first, 
an  aqueous  sugar  solution  containing  i  part  of  sugar  to  from  4 
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to  10  parts  of  water.  Second,  the  presence  of  a  yeast  ferment. 
If  this  is  not  added  in  already  developed  and  active  condition, 
tf  the  fermentation  is  to  be  a  spontaneous  one, — that  is, 
_  It  about  by  the  spores  present  in  the  air, — the  conditions 
''0ft'  the  growth  of  the  yeast-spores  must  be  present ;  the  solu- 
•libii  must  contain  protein  material  and  phosphates  of  the  alkalies 
#ttd  alkaline  earths.  Third,  the  temperature  must  range  between 
llle  limits  5**-30**  C,  or,  more  narrowly,  9°-25°.  Above  30® 
Ae  butyric  fermentation  tends  to  develop  rather  than  the  alco- 
^iiUCf  and  other  decompositions  ensue 

•.•  The  number  of  changes  brought  about  by  organized  ferments 

^^  Ae  third  class  or  bacteria  is  very  great.    Thus,  Bacillus  subtilis^ 

JK,  mmyhbacUr^  and  B,  termo  bring  about  a  peptonization  of 

albuminoids  which,  under  the  influence  of  these  bacteria,  decom- 

into  leucin,  tyrosin,  and  ammonia.     The  butyric  acid  fer- 

it  seems  to  be  the  starch-converting  Bacillus  amylobader 

idium  butyricum^  Vibrio  butyricus)^  although  butyric  acid 

the  only  product  developed  by  it.     Under  the  influence  of 

bacterium,  along  with  butyric  acid,  starch  solutions  yield 

■ine  and  sugar.     Bacterium  termo  develops,  also,  a  general 

Itre&ction.      As  lactic  acid  ferments,  a  number  of  bacteria, 

have  been  only  partially  studied,  are  designated.     The 

most  widely  distributed  are  Bacillus  CLcidi  lacti  and  Micro- 

prodigiosus, 

acetic  fermentation  is  developed  by  at  least  three  kinds 

^'bacteria.     Bacterium,  aceti  was  discovered  by  Pasteur,  while 

has  found  two  additional  acetic  ferments,  Mycoderma 

and  Mycoderma  pasteurianum^  the  latter  being  the 

characteristic. 

series  of  bacteria  which  develop  turbidity  in  beer  as  well  as 
unpleasant  odor  and  taste  are  known  collectively  as  "  Sarcina." 
most  important  of  them,  discovered  by  Lintner,  is  Podio- 
cerevisict. 
The  acetic  fermentation  is  that  which  most  readily  develops 
»m  the  alcoholic  and  follows  it  often  as  a  spontaneous  change. 
requires,  besides  the  presence  of  a  dilute  alcohol  or  alcohol 
itaining  liquid,  the  presence  of  nitrogenous  compounds  and 
and  is,  above  all,  what  is  termed  an  aerobic  fermentation, — 
is»  requires  the  presence  of  oxygen.      The   temperature 
fiivorable  for  the  development  of  the  acetic  ferment  is  be- 
18^  and  35**  C.     The  reaction  is  purely  one  of  oxidation, 
CjAfi  +  O,  =  CjH^Oj  +  HgO,  and  can  be  brought  about  by 
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chemical  means,  such  as  the  action  of  platimim  black  on  dilute 
alcohol,  etc. 

The  lactic  fennentation  takes  place  without  the  necesalyof 
oxygen,  and  hence  is  termed  an  anaerobic  fennentation.  It 
takes  place  in  neutral  or  alkaline  solutions,  and  is  hindered  bjr 
the  presence  of  small  amounts  of  acid.  By  it  galactose,  from  the 
inversion  of  sugar  of  milk,  is  simply  decomposed,  according  to 
the  reaction  C,H„0,=^aC,H,0^  The  most  favorable  tem- 
perature is  from  35°  to  40°  C. 

The  butyric  fennentation  is  like  the  lactic,  and  generally  fol- 

FlG.  lOI. 


Diignm  of  lempcralim*. 

lows  it.  It  is  also  anaerobic.  The  reaction  for  the  producdw 
1)1"  butyric  acid  by  this  fermentation  is  2C,H,0,  =  CtH,0,  + 
sCOg  +  2H,.  Other  oiganic  compounds,  besides  sugar,  a" 
Lapahlc  of  undergoing  this  fermentation.  Glycerin,  under  tt* 
iiillnfiice  of  bacteria,  is  decomposed  into  normal  butyl  alcobol 
nnrnul  butyric  acid,  ethyl  alcohol,  and  caproic  acid.  As  ll* 
coiiditiuus  for  the  lactic  and  butyric  fermentations,  both  »"* 
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temperature  and  absence  of  free  oxygen,  exist  in  the  intestines, 
these  fermentations  take  place  there,  the  sugars,  organic  acids, 
soluble  proteids,  and  mucus  being  the  material  acted  upon.  The 
products,  as  seen  in  the  reactions  above,  are  lactic  and  butyric 
acids  and  carbon  dioxide  and  hydrogen  gases.  These  gases  dis- 
tending the  bowel  produce  the  painful  symptoms  of  colic,  etc. 

The  effect  of  temperature  upon  the  several  ferments  is  shown  in 
the  graphic  illustration  Fig.  loi,  as  well  as  the  influence  of  tem- 
perature upon  the  decomposition  of  starch  by  diastase.  On  the 
right  side  of  the  figure  the  regularly-dotted  line  represents  the 
yeast  cur\'e.  As  the  temperature '  rises  from  0°  C.  its  activity 
increases  until  the  maximum  is  reached  at  about  33**  C. ,  when  it 
diminishes  again,  and  at  50**  or  thereabouts  it  is  killed.  The 
activity  of  the  acetic  ferment  is  represented  at  the  same  time  by 
the  irregularly-dotted  line,  and  that  of  the  lacdc  ferment  by 
the  black  line. 

FERMENTATION  INDUSTRIES. 

The  most  important  industrial  utilizations  of  the  results  of  fermentation 
are  those  in  which  the  alcoholic  fermentation  of  sugar-  and  starch-con- 
taining materials  enters. 

I.  The  Malting  and  Brewing  of  Beer,  Ale,  etc. — Malt  liciuors,  as 
they  are  termed,  are  the  products  of  the  fermentation  of  infusions  of 
malted  grain,  flavored  by  the  bitter  extract  from  hops,  and  contiin  from 
3  to  7  per  cent,  of  alcohol,  together  ^^ith  extractive  matter  made  up  of 
the  peptones  from  the  alteration  of  albuminoids  and  the  carbohydrates 
from  the  alteration  of  the  starch  of  the  original  grain.  The  malting  pro- 
cess is  carried  out  so  as  to  allow  the  barley  or  other  grain  to  germinate, 
whereby  the  character  of  the  albuminoids  is  changed  and  the  ftrment 
diastase  is  developKid,  which  then  begins  to  act  on  the  starch,  the  germi- 
nation and  change  being  stopped  at  a  certain  stage  by  heating  in  a  kiln. 
Besides  the  diastase,  a  second  soluble  ferment  is  formed  during  the  malt- 
ing process,  the  soKralled  "peptase,"  which  in  the  mash  process  changes 
the  proteids  of  the  malt  into  i>eptones  and  para-peptones,  whicli  give 
nutritive  value  to  beer.  Wheat,  corn,  and  rice  are  used  at  times  as  par- 
tial substitutes,  but  the  bulk  of  the  grain  used  is  always  barley.  Tlie 
finished  malt  is  alu-ays  yellow  or  amber-colored  shading  to  l)ruvvn.  The 
crushed  malt  is  then  put  through  what  is  tenned  the  mashing  process, 
which  is  for  the  purpose  of  obtaining  an  infusion  containing  niahose  and 
dextrine,  as  well  as  to  allow  the  diastase  to  complete  the  hydrolysis  of  the 
starch,  changing  it  into  the  products  before  described  under  the  Carlx)hy- 
drates.  This  infusion  is  then  strained  off  and  boiled  while  the  hops  are 
added.  The  "  wort,"  as  the  liquid  is  now  called,  is  then  cooled,  prepara- 
tor>'  to  the  fermentation.  This  cooling  is  effected  as  rapidly  as  possible, 
so  that  the  lactic  fermentation  and  similar  changes  may  not  develop,  and 
that  the  spores  of  foreign   yeast  ferments  miiy  not  have  access  to  the 

42 
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liquid.  The  thick  magma  of  yeast-celk  is  iben  added  in  "die  proper 
amount  and  the  fermentation  started,  which,  as  before  saated,  nay  be  a 
surface  fermentation  or  a  bottom  fermentatioa,  acoordinf:  to  the  teoBper- 
ature  and  the  character  of  the  yeast  used.  The  prodocts  differ  according 
to  the  character  of  the  malt  used,  whether  light  or  dark,  and  the  dianc- 
ter  of  the  fermentation,  whether  a  rapid  or  a  slov  oofc. 

a.  The  Manufacture  of  Wines. — ^While  the  naine  vine  is  cften  vtxd  to 
include  products  of  the  spontaneous  alcoholic  fermestatiao  of  any  sweet 
fruit  or  berry,  it  is  usually  limited  to  the  product  of  the  fenneotatiaD  of 
the  grape,  which  alone  is  cultivated  on  an  extensive  scale  tfarongfaout  the 
civilized  world  for  the  manufacture  of  u-ine.  The  lav  material  here  is 
the  **  must,*'  or  expressed  juice  of  the  grape,  vfaidi  may  be  iennented 
either  alone  or  in  contact  with  the  *'  marc,**  as  the  pressed  pulp  and  skins 
are  called.  The  must  contains  :  first,  from  16  to  28  per  cent,  of  ienneat- 
able  sugar  (a  mixture  of  dextrose  and  levulose) ;  noo-nitrpgcsioiis  ei- 
tract  (pectin  substance  and  salts,  chiefly  of  tartaric  acid) ;  albominoids, 
and  free  acids  (tartaric,  malic,  and  succinic).  The  peirentages  of  the 
sugar  and  the  free  acids  are  tfie  most  important  elements  in  decxfing  the 
probable  value  of  the  wine  obtainable  firom  the  mnsL  The  fennentatioo 
is  a  spontaneous  one  and  a  protracted  one,  as,  after  the  foil  devdopment 
of  the  alcoholic  strength  of  the  wine,  it  is  left  U>  ripen  and  devdop  byan 
after-fermentation  the  fruit  essences  or  esters,  which  give  the  flavor  and 
bouquet  to  the  wine.  In  the  case  of  red  wines,  the  main  fennentation  is 
allowed  to  take  place  with  the  marc  added  to  the  mutst,  so  that  as  the 
alcohol  is  developed  it  may  dissolve  out  the  coloring  matter  of  the  skins 
as  well  as  some  of  the  tannin,  which  is  of  benefit  in  effecting  a  more  rapid 
separation  of  the  protein  materials.  During  the  secondary  fennentatioa 
these  deposit  upon  the  inner  walls  of  the  storage  casks  aw^ols,  or  impure 
acid  potassium  tartrate  (German,  wdnstein),  with  some  yeast  and  alba* 
minoid  matter.  The  first  fermentation  of  the  most  lasts  from  i  to  4 
weeks,  the  secondary  fermentation  firom  3  to  6  months,  and  then  the 
uine  is  put  into  casks  to  ripen,  which  continues  during  from  2  to  8  years. 

In  the  manufacture  of  champagnes  and  effervescing  wines,  after  the 
secondar>'  fermentation  is  nearly  finished  a  mixture  of  alcohol  and  pure 
cane  sugar  Ls  added,  and  the  wine  is  bottled  so  that  the  supplementary 
fermentation  may  continue  and  develop  alcohol  and  carbon  dioxide 
again.  The  pressure  which  develops  from  this  dissolved  gas  may  rise  to 
from  4  to  5  atmospheres. 

The  percentage  of  alcohol  by  weight  in  wines  x'aries  within  wide  limits, 
ranj:ing  from  5  per  cent,  in  light  Rhine  wines  to  18  percent  in  sherry  and 
port  wine. 

3.  The  Manufacture  of  Distilled  Liqaors  or  Ardent  Spirits.— In  this 
industr\'  the  effort  is  made  to  push  the  fermentation  to  the  fullest  possible 
limit,  so  that  the  maximum  quantity  of  alcohol  may  be  produced,  and 
then  this  product  of  fermentation  is  distilled,  and  it  may  be  redistilled  a 
order  to  get  a  distillate  richer  in  alcohol  than  the  fermentation  product 
itself  can  be.  The  end  product  sought  may  be  either  an  alcoholic  be^t^ 
ap:c,  which  is  the  product  of  the  distillation,  or  a  raw  spirit,  which  is  then 
redistilled  and  strengthened  until  the  "  rectified  spirit*'  is  obtained,  wW 
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is  used  as  the  basis  of  many  lines  of  manufacture  for  the  chemist  and  the 
pharmacist  The  raw  materials  for  this  industr>'  may  be :  first,  alcoholic 
liquids  themselves,  products  of  fermentation,  which  are  to  be  redistilled 
(such  as  wines  used  for  manufacture  of  brandies) ;  second,  sugar-con- 
taining materials  (such  as  cane-molasses  used  for  manufacture  of  rum, 
and  beet-molasses  and  sweet  fruits  used  for  fruit  brandies) ;  and  third, 
starch-containing  cereals  and  all  materials  capable  of  hydrolysis  by  dias- 
tase and  fermentation  (such  as  com,  r>'e,  barley,  rice,  and  potatoes).  In 
case  the  last-named  materials  are  used,  the  preparation  of  the  wort  is  the 
first  step.  This  is  analogous  to  the  method  already  described  under  malt 
liquors,  except  that  the  whole  of  the  starch  is  to  be  converted  if  possible 
into  maltose,  which  is  directly  fermentable,  and  the  dextrine  must  be  thor- 
oughly changed  into  sugar.  The  fermentation  of  the  distiller's  wort  is 
also  somewhat  different  from  that  of  the  brewer,  as  the  maximum  per- 
centage of  alcohol  is  to  be  attained.  The  yeast  is,  therefore,  a  surface 
yeast,  and  a  maximum  temperature  of  33°  to  34°  is  attained. 

In  case  molasses  is  to  be  fermented  for  rum,  the  fermentation  is  a  spon- 
taneous one,  the  nitrogenous  matters  present  making  the  addition  of 
yeast  unnecessary. 

The  product  of  the  first  distillation  of  any  of  these  thoroughly  fermented 
mixtures,  especially  those  obtained  from  grain  mashes,  is  a  '*  raw  spirit," 
containing  sharp,  aldehydic  constituents  on  the  one  hand,  and  higher  alco- 
hols (fusel  oil)  on  the  other  hand,  in  addition  to  the  ethyl  alcohol.  These 
are,  as  ^  as  possible,  to  be  eliminated  or  changed  by  the  process  of  recti- 
fying, and  then  by  storage  the  supplementary  changes  of  the  higher  alco- 
beds  into  ethers  are  completed. 

RecHfied  Spirii  is  the  most  concentrated  alcohol  obtainable  by  distilla- 
tion. The  U.  S.  Pharmacopoeia,  under  Alcohol,  U.  S.  P.,  calls  for  a  spirit 
containing  91  per  cent,  by  weight  of  real  alcohol,  and  of  sp.  gr.  0.820. 

Proqf'Sfnrit  has  a  sp.  gr.  of  0.9198  at  15.5°  C,  and  according  to  Fownes 
contains  49.24  per  cent,  by  weight  of  alcohol. 

Brandy  (Spiritus  Vini  Gallici,  U.  S.  P.)  is,  or  should  be,  the  direct 
product  of  the  distillation  of  French  wines.  A  great  deal  of  it.  however, 
is  fectitious,  being  mixtures  of  grain-spirit  and  water  to  which  different 
coloring  and  aromatic  substances  have  been  added. 

Whiskey  (Spiritus  Fnimenti,  U.  S.  P.)  is  the  spirit  obtained  from  the 
fermented  wort  of  com,  rye,  and  barley,  either  raw  or  malted. 

Rum  is  a  spirit  obtained  in  the  West  Indies  from  the  molasses  of  the 
sugar-cane  by  fermentation  and  distillation. 

Gin  is  common  grain-spirit  distilled  and  aromatized  with  juniper 
berries. 

4.  The  Manufacture  of  Acetic  Acid  and  Vinegars. — The  acetic  fer- 
ment, as  before  stated,  requires  for  its  growth  the  presence  of  oxygen. 
When  the  germs  coming  from  the  air  drop  into  a  fermenting  or  sugar>' 
liquid  which  b  suited  for  their  growth  they  develop  rapidly  over  the  sur- 
&ce  of  the  liquid  and  form  a  gelatinous  skin,  which  thickens  and  falls  to 
the  bottom  of  the  vessel  because  of  its  increasing  weight.  Another  skin 
forms  at  once  again,  and  this  in  turn  is  replaced  by  a  third,  and  so  on 
until  the  liquid  is  exhausted  of  assimilable  material.    This  skin,  called 
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the  "  mother  of  vinegar,"  consists  of  a  multitude  of  minute  fissure  fer- 
ments. The  raw  materials  furnishing  vinegnr  under  the  influence  of  the 
acetic  fermentation  are,  firat,  wine ;  second,  spirits  ;  third,  malt  won  or 
beer  ;  fourth,  fermented  fruit  juices  other  than  wine  ;  and  fifth,  su^- 
beets.  The  wines  used  are  those  of  inferior  vintages  and  such  iS  m 
unfit  for  drinking  as  wine.  They  should  not  exceed  lo  per  cent  in  alco- 
holic strength.  The  spirits  used  for  vinegar-makmg  must  be  so  diluld 
with  water  and  vinegar  already  formed  that  the  alcoholic  strength  rai^ 
between  3  and  10  per  cent  The  malt  wort  used  for  malt  vinegar  &  com- 
pletely fennented  and  then  passed  through  a  filter  of  wood  chips  intoihe 
acetifier.  Cider  from  apples  and  perry  from  pears  are  about  the  only 
fruit  juices  besides  wine  fermented  for  the  production  of  vinegar.  Supr- 
beets  are  used  somewhat  in  France  for  vinegar-making. 

Three  vinegar-making  processes  are  in  use  with  some  special  modiAci- 
tions.    Fust,  the  Orleans  process,  in  which  a  series  of  mother-casks  or 
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that  made  from  white  wines  being  the  most  esteemed.  The  second  process 
is  the  so-called  "quick-vinegar  process.*'  It  is  used  in  Germany  and  this 
country  for  spirit  vinegar,  and  in  England  for  malt  vinegar.  The  vinegar- 
former  is  shown  in  Fig.  102.  About  a  foot  above  the  true  bottom  of  the 
cask  it  has  a  false  bottom  |>erforated,  as  shown  in  the  illustration.  The 
space  between  the  false  bottom  and  a  wooden  disk  set  in  near  the  top  is 
filled  with  beech-wood  shavings.  Just  under  the  false  bottom  a  series  of 
holes  is  bored  in  the  side  of  the  cask  extending  all  the  way  around.  The 
shavings  are  first  boiled  in  water  and  dried,  then  soured  or  soaked  in 
warm  vinegar  for  twenty-four  hours  before  being  put  in  the  cask.  Air 
circulates  through  the  space  filled  with  the  beech  shavings,  entering 
through  the  holes  below,  and  escaping  'through  the  glass  tubes  in  the 
wooden  disk  above.  The  weak  alcoholic  liquid  is  then  allowed  to  slowly 
trickle  down  through  the  shavings.  The  third  process  is  Pasteur's  pro- 
cess,   using  the  vinegar  fungus,  or  "mother  of  vinegar"  directly,  and 

causing  it  to  propagate  in  a  liquid  containing  suitable  food  (phosphates 

of  potassium,  magnesium,  and  lime). 
Cider  vinegar,  as  is  well  known,  is  the  result  of  a  spontaneous  acetifi- 

cation.     The  different  vinegars  may  contain  from  3>4  to  6  or  even  8  per 

per  cent,  of  acetic  acid.    The  other  constituents  vary  with  the  different 

kinds  of  materials  used  in  the  vinegar  formation. 
Factitious  vinegars  are  often  made  from  pyroligneous  acid  flavored  with 

acetic  ether  and  colored  with  caramel  color. 

XI.    Derivatives  of  Carbonic  Acid. 

Carbonic  acid,  CO(OH),,  is  not  known  in  the  free  state,  but 
is  supposed  to  exist  in  aqueous  solution  in  water  charged  with 
COg.  Both  this  anhydride  and  the  metallic  salts  of  carbonic 
acid  have  already  been  discussed  under  Inorganic  Chemistry, 
but  a  number  of  organic  compounds  may  properly  be  considered 
as  cftrivatives  of  it,  and  will  be  mentioned. 

z.  Sulphur  Derivatives  of  Carbonic  Acid. — From  the  an- 
hydride carbon  dioxide  we  have,  by  replacement  with  sulphur, 
two  derivatives : 

Carbon  Oxysulphide,  COS,  is  formed  when  a  mixture  of  sul- 
phur vapor  and  carbon  monoxide  is  led  through  a  red-hot  tube, 
CO  +  S  =  COS ;  also  by  heating  together  urea  and  carbon  di- 
sulphide,  according  to  the  reaction:  CO(NHj),  4- CSj,=  COS 
+  NH^CNS. 

Very  inflammable  gas,  of  peculiar  odor,  burning  with  blue 
flame.  • 

Carbon  Disulphide,  CS^  (Carbonei  Disulphidum,  U.  S.  P.), 
is  formed  by  heating  carbon  in  sulphur  vapor.  When  pure,  has 
but  slight  odor,  and  is  a  colorless,  highly  refractive  liquid.  After 
exposure  to  the  light  it  takes  a  yellow  color  from  liberation  of 
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"Qilphur,  and  develops  an  offensive  odor.  Boils  at  47"^,  solidifies 
it  —  ir6^,  and  melts  again  at  — iio^.  Easily  soluble  in  alcohol, 
erher.  chloroform,  benzene,  fixed  and  volatile  oils  ;  insoluble  in 
-r«cer.  5p.  gr.  1.268.  Inflammable,  burning  with  bluish  flame. 
!•*  xsed  irjt  dissolving  caoutchouc  and  for  the  extraction  of  fats 
icA  ikCiv  Otis  firom  oil  seeds  and  from  bones  and  wool. 

I  CLJ  r  cij 

Toree  thio-carbonic  acids  are  possible,  CS  \  ^tt,  CO ]  ou, 

f  SH 
asbd  CS '  \\yi '    O^  these,  it  is  only  necessary  to  consider  the 


derivatives  of  which  possess  some  importance.     The  ethyl 
dcrrrithre  of  thb  acid  is  called 

{SH 
QP  TT  • — The  potassium  salt  of  this 

k  fi>nned  when  carbon  disulphide  is  added  to  alcoholic  pot- 

atsli  soliition.     This  salt,  CS ]  qq  tt  ,  is  used  extensively  as  an 

ujtidote  for  the  phylloxera  insect  in  the  diseases  of  grape-xines 
ax>d  in  the  manufacture  of  artificial  indigo.  The  copper  salt, 
known  also  as  **  cuprous  xanthate,*'  is  a  yellow,  insoluble  com- 
poand,  the  formation  of  which  ser\'es  as  a  characteristic  test  for 
carbon  disulphide. 

X.  Esters  of  Carbonic  Add.— Both  the  neutral  ester, 
CO'^OCjHg),,  known  as  ethyl  carbonate,  and  the  add  ester, 

CO  \  Xr  M  »  ^nown  as  ethyl-carbonic  add,  are  known.    The 

ibnner  is  a  neutral  liquid  of  s^^reeable  odor,  lighter  than  water, 
and  insoluble  in  the  latter.  Boils  at  126°,  The  latter  is  the 
counterpart  of  ethyl-sulphuric  (su3plK»inic)  add,  and  is  not 
known  in  the  free  state,  but  only  in  its  sahs. 

3.  Chlorides  of  Carbonic  Add. — ^From  the  anhydride  car- 
bon dioxide  we  have  the  derivative  CMrban  oxyckhridt,  COQr 
It  is  obtained  by  the  direct  combination  d  carbon  monoxide  and 
chlorine  in  sunlight,  and  also  by  the  oxidation  of  chlaratonn  br 
means  of  chromic  add.  It  is  a  colorleas  gas  /"known  ak)  as 
phosgene  gas),  condensii^  to  a  liquid  bdoii-  S^.  and  of  powemL 
suffocating  odor.     It  is  emplo^'ed  in  the  preparation  nf  saiiqiic 

add  from  benzene. 

ChlorO'Carbonic  Acid.  COa^OHX  is  the  acid  chloridt  of  car- 
bonic  acid.  Both  the  free  add  and  the  metallic  sal&  are  ansabfe, 
and  cannot  be  obtained.  Its  esteis.  however,  can  be  pmarsL 
js  COCKOCjHjX  which  is  obtained  by  the  action  of  ph«^ 
gas  upon  absolute  alcohol 
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crystalline  compounds  with  both  bases  and  acids,  as  well  as  ^nndt 
salts. 

Urea  is  recognized  by  several  characteristic  tests.  The  additiov^  of 
mercuric  nitrate  to  dilute  solutions  containing  urea  causes  a  white  p^^ 
cipitate  of  a  urea-mercuric  nitrate  compound ;  if  urea  crystals  be  toucrhed 
with  a  drop  of  a  concentrated  aqueous  solution  of  fiirfurol,  and  th  ^^  ^ 
drop  of  strong  hydrochloric  acid,  a  violet  color  passing  into  purplfs/^ 
violet  is  produced. 

Urea  may  be  determined  quantitatively  when  in  solution  in  seve/a/ 
ways.     First,  by  the  aid  of  a  standard  solution  of  mercuric  nitrate  (i  cc 
of  which  corresponds  to  o.oi  gm.  urea).    To  a  measured  volume  of 
the  urea  solution  the  mercuric  nitrate  solution  is  added  until  all  the  urea 
has  been  precipitated  as  the  double  salt  (2CNaH4O,Hg(NO8)2.3Hg0) 
and  a  slight  excess  of  mercury  is  in  the  solution.     This  b  recognized  by 
addition  of  a  drop  of  caustic  soda,  which  gives  a  yellow  precipitate  when 
the  mercury  is  in  excess,  but  a  white  one  as  long  as  urea  is  present  in  the 
solution.    This  is  known  as  Liebig*s  method.    Second,   to  the  urea 
solution  (urine)  is  added  sodium  hypobromite,  and  the  nitrogen  evolved 
is  collected  in  a  suitable  apparatus  and  measured.    The  reaction  is: 
CONaH4  -f  3NaOBr  =  N,  +  Na^COg  +  NaBr  -f  aHBr  -f  HjO.   This 
is  known  as  Hiifner's  method. 

Biuret^  CgH^NgOj,,  results  when  urea  is  heated  to  I5O°-I70^ 
ammonia  splitting  off.  Forms  long  needles,  fusing  at  190°. 
When  it  is  dissolved  in  caustic  soda  and  a  litde  cupric  sulphate 
is  added,  an  onion-red  to  violet  color  is  obtained,  known  as  the 
**  biuret  reaction."  This  reaction  is  also  given  by  peptones  and 
by  albuminoids  after  boiling  with  alkalies. 

Thio-urea  (Sulphurea),  CS  \  xtit*,  is  formed  from  ammonium 

sulphocyanate  by  prolonged  fusion,  a  molecular  rearrangement 
taking  place,  CNS.NH^  =  CS(NH,),.  Heavy  rhombic  prisms, 
melting  at  172°. 

A  derivative  of  sulphurea  has  been  introduced  into  medicine 

under  the  name  of  Thiosinantine  ( Allyl-sulphurea),  CS  ]  muV  h  ' 

It  is  prepared  by  the  action  of  ammonia  upon  mustard  oil  (allyl 
sulphocyanate).  Colorless  or  slightly  yellowish  crystals,  fusing 
at  74°,  with  slight  odor  of  leeks,  easily  soluble  in  water,  alcohol, 
and  ether. 

Sucrol  (or  Dulcin),  CO  \  jau^p  ij  qp  jj  • — This  is  urea 

which  a  hydrogen  atom  is  replaced  by  the  p-phenetol  radical  (see 

Aromatic  Compounds).     This  compound  has  been  brought  for- 

-d  in  medicine  as  a  substitute  for  **  saccharin,"  to  be  used  for 


m 
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Alloxan  (Mesoxalyl-urea),  C^HgNjO^,  results  from  the  oxida- 
tion of  uric  acid  with  nitric  acid.  On  further  oxidation  yields 
parabanic  oxide  and  cai^bon  dioxide.  Decomposes  on  boiling 
with  alkalies  into  mesoxalic  acid  and  urea.  Alloxan  colors  the 
skin  purplish-red  and  imparts  to  it  an  unpleasant  odor.  By 
reduction  with  the  aid  of  H,S  it  is  changed  into  Alloxantin^ 
CgH^N^O^.  This  attracts  oxygen  from  the  air  and  changes  into 
Murexide  (Ammonium  Purpurate),  C8H4(NH4)N50e. 

Alloxantic  Acid  (Mesoxaluric  Acid),  C4H4Ng05,  is  fonned 
from  alloxan  by  boiling  with  baryta  water.  Decomposes  on 
boiling  into  mesoxalic  acid  and  urea. 

Of  the  Diureides,  or  compounds  formed  from  two  molecules  of 
urea,  the  most  important  is  Uric  Acidy  CgH^N^Oi-  It  is  found 
in  urine.  The  urine  of  a  healthy  man  contains  daily  from  0.4  to 
0.8  gm.  of  uric  acid.  It  is,  however,  especially  to  be  found  in 
the  excrements  of  birds  and  reptiles,  which  often  consist  largely 
of  uric  acid  and  alkaline  urates.  It  is  wanting  in  normal  blood, 
but  may  be  present  here  under  pathological  conditions.  Gouty 
concretions  and  urinary  calculi  are  comjxjsed  in  part  of  urates. 
It  is  usually  extracted  from  the  excrement  of  serpents  or  guano 
by  the  aid  of  caustic  soda,  and  the  free  uric  acid  precipitated 
from  the  filtered  solution  on  addition  of  hydrochloric  acid.  In- 
soluble in  cold  water  ;  difficultly  soluble  in  hot  water ;  insoluble 
in  alcohol  and  ether.  It  is  soluble  in  hot  solutions  of  sodium 
phosphate  and  acetate,  in  concentrated  sulphuric  acid,  and  in 
glycerin.  A  hot,  aqueous  solution  of  lithium  carbonate  also 
dissolves  it  abundandy. 

Salts  of  Uric  Acid, — Uric  acid  is  a  weak,  dibasic  acid,  and  forms  diffi- 
cultly soluble  salts.  Acid  ammonium  urate,  C5H3(NH4)N403,  is  found 
frequently  in  calculi  from  the  bladder  and  kidne>'s,  in  the  urine  of  birds 
and  amphibia,  and  in  human  urine  as  a  sediment  after  fermentation  begins. 
Acid  sodium  urate  is  a  chief  constituent  of  the  excrement  of  serpents,  ft 
is  also  found  as  a  sediment  in  urine,  and  is  recognized  by  its  brick-red 
color.  Acid  potassium  urcUe  is  also  found  in  urinary  sediment  The  most 
characteristic  test  for  the  recognition  of  uric  acid  is  the  murexide  Usi- 
The  substance  is  evaporated  with  a  little  nitric  acid,  leaving  a  yellowish 
or  reddish  residue.  After  cooling,  this  is  moistened  with  a  little  ammo- 
nia, when  the  purplish-red  color  of  murexide  (acid  ammonium  purpurate) 
is  developed.  A  drop  of  potassium  or  sodium  hydrate  changes  this 
color  to  the  blue  color  of  the  potassium  or  sodium  purpurate. 

Girnine  is  supposed  to  be  dimethyl-uric  acid,  QHjCCHjV 
N^Oj,.  It  is  found  to  the  amount  of  i  per  cent  in  Lieb^s 
r^tiiu  t  i)f  meat 
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Small  amounts  of  it  are  also  said  to  be  formed  when  albumen  \s 
oxidized  with  potassmm  permanganate.  Readily  deliquescing 
crystalline  mass,  absorbing  carbon  dioxide  from  the  air. 

By  the  replacement  of  hydrogen  atoms  in  guanidine  by  ^cid 
radicals  we  obtain  derivatives  analogous  to  the  ureides  derived 
from  urea. 

Glycocyamine  (Guanidine-acetic  Acid),  CjH^NjOg.— Resu/fs 
from  the  addition  of  cyanamide  to  glycocoU,  or  from  guanidine 
carbonate  and  glycocoll. 

Creatine  (Methyl-glycocyamine),  C^H^NjO,,  is  found  in  the 
muscular  juice  of  many  animals,  even  invertebrates,  in  the  blood, 
and  in  serous  fluids.  It  may  be  formed  also  by  the  addition  of 
cyanamide  to  sarcosine  (methyl-glycocoll).  Is  chiefly  obtained 
from  extract  of  meat. 

Creatinine  (Anhydride  of  Creatine),  C4H7N3O,  is  formed  by 
boiling  creatine  with  acids.  Is  found  also  in  the  urine.  It  com- 
bines with  acids  and  salts.  A  characteristic  compound  is  that 
formed  with  chloride  of  zinc,  difficultly  soluble  in  water,  almost 
insoluble  in  alcohol. 

XII.     Cyanogen  and  its  Derivatives. 

The  cynogen  compounds  contain  the  monad  radical  (CN/. 

The  free  molecule  of  cyanogen,  like  the  molecule  of  chlorine, 

must  be  double  this  atomic  group. 

CN 
Cyanogen^   \     or  (CN),,  is  found  free  in  the  gases  of  blast- 

CN 

furnaces,  and  is  formed  when  the  electric  spark  is  passed  between 
carbon  points  in  an  atmosphere  of  nitrogen.  May  be  conven- 
iently prepared  by  heating  oxalate  of  ammonium  :  C,04(NH4),= 
(CN)a  +  4HaO,  or  by  heating  mercuric  cyanide. 

Colorless  gas,  with  peculiar  penetrating  odor  resembling  bitter 
almonds.  Very  poisonous.  It  burns  with  a  peach-red  color,  b 
soluble  in  water  and  alcohol.  These  solutions  become  dark  on 
standing,  with  separation  of  a  brown  powder  known  as  azuUnic 
acid,  while  oxalic  acid,  ammonia,  formic  and  hydrocyanic  adds, 
and  urea  are  found  in  the  liquid. 

Paracyanogen  (CN)„  is  a  polymer  of  cyanogen,  and  is  formed 
as  a  by-product  when  cyanogen  is  made  from  mercuric  cyanide. 

I.  Hydrogen  Cyanide  and  other  Cyanides. — The  union 
of  the  radical  CN  with  hydrogen  gives  us  a  compound,  HCN, 
analogous  to  HCl  or  HBr  in  its  i^eneral  chemical  relations. 
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nickel,  etc.,  break  up  with  separation  of  the  insoluble  cyanide 
and  liberation  of  hydrogen  cyanide  ;  the  other  class  do  not  lib- 
erate HCN,  but  a  complex  acid,  in  which  the  CN  group  is  com- 
bined with  hydrogen  and  the  heavy  metal.  Thus,  K4Fe(CN), 
is  potassium  ferrocyanide,  and  on  addition  of  dilute  acid  liberates 
H^FeCCN)^,  called  hydrogen  ferrocyanide,  and  KgFeCCN),, 
which  maybe  taken  as  the  equivalent  of  the  formula  of  jK)tassium 
ferricyanide,  on  addition  of  dilute  acid  liberates  HgPeCCN),, 
called  hydrogen  ferricyanide.  Similar  double  cyanides  with  the 
metal  remaining  as  an  integral  part  of  the  free  acid  are  fonned 
with  manganese  and  cobalt. 

Potassium  Ferrocyanide  (Yellow  Prussiate  of  Potash),  K^Fe- 
(CN)e  +  3HaO  (Potassii  Ferrocyanidum,  U.  S.  P.),  is  made 
on  a  large  scale  by  fusing  animal  scrap,  like  horns  and  hoofs  of 
cattle,  blood,  leather,  etc.,  with  potashes,  and  adding  metallic 
iron.  The  fused  mass  is  lixiviated  with  water,  filtered,  and 
crystallized.  The  reactions  which  take  place  may  be  expressed 
thus: 

4C    +    2N    -f    KaCOa    =    2KCN    +    3CO. 

6KCN    -I-    FeS    =    K4FeiCN)e    +    K^S. 

It  forms  yellow  crystals  of  the  tetragonal  system,  easily  soluble 
in  water,  insoluble  in  alcohol.  It  is  not  poisonous.  Oxidizing 
agents  like  chlorine  convert  it  when  ih  solution  into  ferri- 
cyanide of  potassium.  With  ferric  salts  it  yields  an  msoluble 
blue  compound,  ferric  ferrocyanide,  known  as  *' Prussian  blue," 
Fe4(Fe(CN)g)g.  Other  insoluble  ferrocyanides  are  those  of  cop- 
per, which  is  brown,  and  zinc,  which  is  white.  Yellow  prussiate 
of  potassium  is  used  technically  in  the  manufacture  of  Prussian 
blue,  of  potassium  cyanide,  and  of  hydrogen  cyanide. 

Potassium  Ferricyanide  (Red  Prussiate  of  Potash),  K^Fei- 
(CN)ia,  is  produced  by  oxidizing  the  ferrocyanide  in  solution. 
Forms  red,  rhombic  crystals,  readily  soluble  in  water.  The  so- 
lution gradually  decomposes  in  the  light  with  the  formation  of 

■ 

the  yellow  prussiate.  In  the  presence  of  free  alkali  it  has  an  oxi- 
dizing action,  and  is  changed  thereby  into  the  yellow  prussiate. 
With  ferrous  salts  forms  a  blue  precipitate,  ferrous  ferricyanide 
(Turnbuirs  blue). 

By  the  action  of  nitric  acid  upon  ferrocyanides  are  formed 
nitroprussides. 

Sodiwn  Nitroprusside,  NaaFe(CN)5(NO)  +  2HjO,  crystallizes 
in  red  prisms,  readily  soluble  in  water.     Serves  as  a  delicate  test 
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for  soluble  sulphides  even  in  dilute  solution,  giving  a  fine  but 
transient  purplish  color. 

The  c>'anides  in  which  an  alcohol  radical  replaces  the  hydrogen 
of  HCN  form  two  series  isomeric  with  each  other  known  as  the 
Nitriles  and  the  Isoniiriles,  This  isomerism  is  explained  by  the 
assumption  that  in  the  nitriles  the  atoms  in  the  CN  group  are 
linked  in  oneway,  N~C— ,  and  in  the  isonitriles  they  are  linked  in 
another  way,  C=N — ,  the  nitrogen  being  triad  in  the  one  class  and 
pentad  in  the  other.  To  the  first  dass  belong  methyl  cyanide 
or  acetonitrile,  CH3.CN,  eWiyl  cyanide  or  propionitrile,  CjH^CN, 
etc.  These  form  an  homologous  series,  it  is  seen,  with  HCN, 
which  might  be  called  formonitrile.  They  are  all  poisonous 
liquids. 

A  nitre  product  of  methyl  cyanide  is  the  very  unstable  fulminic  acid, 
CH2(N02).CN,  the  mercury  salt  of  which  is  obtained  when  a  solution  of 
mercuric  nitrate  reacts  with  alcohol,  and  is  knou'n  as  fulminate  of  mer- 
cury. This  is  also  explosive,  and  b  used  for  percussion  caps  and  for 
fuses  to  explode  dynamite  cartridges. 

The  Isocyanides  or  Isonitriles  differ  in  many  respects  from  the 
corresponding  cyanides.  They  are  liquids  of  extremely  sickening 
odor,  but  are  not  *pK>isonous  like  the  cyanides.  They  are  some- 
times called  carbylamineSy  as  CH3.NC,  methyl  isocyanide,  or 
methyl  carbylamine.  The  production  of  one  of  this  class,  phenyl 
carbylamine,  when  chloroform  is  heated  with  aniline  and  alcoholic 
]K)tash,  was  given  as  a  test  under  Chloroform  (see  p.  569). 

2.  Cyanic  and  Cyanuric  Acids.— By  the  replacement  of 
an  H  atom  in  HCN  by  the  group  OH  we  obtain  CN.OH.  This 
compound  is  not  known  in  the  free  state,  but  only  in  its  esters. 
The  isomeric  comjjound,  CO.NH,  however,  is  known  as  ho- 
cyanic  Acid,  a  very  unstable,  volatile  liquid,  which  readily  poly- 
merizes, and  yields  Cyanuric  Acid,  (CONH)3,  and  Cyajnelide, 
(CONH).. 

Potassium  Isocyanate  (commonly  called  Cyanate),  CONK,  is 
obtained  by  fusing  potassium  cyanide  or  yellow  prussiate  of  potash 
with  metallic  lead  or  manganese  peroxide.  Forms  white  scales, 
easily  soluble  in  water  and  alcohol. 

Ammonium  Isocyanate  (commonly  called  Cyanate),  CON.NH4, 

IS  a  white,  crj-stalline  mass,  which  changes  on  heating  into  the 

(  \H 
isomeric  compound  urea,  CO  •  yir**    (See  p.  663.) 

3.  Sulphocyanic  and  Isosulphocyanic  Acids. — Corrc- 
sjx)nding  to  cyanic  and  isocyanic  acids  are  the  sulphur  compound^ 
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N  hC — SH,  sulphocyanic  acid,  and  CS.NH,  isosulphocyanic acid. 
The  metallic  salts  are  derivatives  of  the  first  of  these. 

Potassium  Sulphocyanate,  CNSK,  is  readily  obtained  by  fusing 
ferrocyanide  of  potassium  with  sulphur  and  potash.  Colorless, 
deliquescent  prisms,  soluble  in  water,  with  considerable  lowering 
of  temperature. 

Ammonmm  SulphocyanatCy  CN.SNH^,  is  obtained  by  the  action 
of  carbon  disulphide  upon  concentrated  ammonia  in  alkaline 
solution.  Colorless,  deliquescent  prisms,  easily  soluble  in  water. 
These  sulphocyanates  are  used  as  rea^nts  to  distinguish  ferric 
from  ferrous  solutions,  giving  with  the  former  blood-red  colora- 
tion, while  remaining  colorless  with  the  latter. 

Mercuric  SulphocyanidCy  (CN.S)2Hg,  is  a  white,  insoluble 
powder.  When  heated,  swells  up  enormously  as  it  is  decom* 
posed.     Used  in  toys  known  as  **  Pharaoh's  serpents.*' 

Of  the  esters  two  series  are  known,  the  Sulphocyanates  and 
the  Isosulphocyanates.  To  the  first  class  belong  Ethyl  Sulphocy- 
anate,  CN.SGjjHg,  and  Ally  I  Sulphocy  anaie^  CN.SC3H5.  This 
latter  is  the  starting-point  in  the  manufacture  of  artificial  mustard 
oil.  By  the  action  of  allyl  iodide  on  an  alcoholic  solution  of 
potassium  sulphocyanate  this  sulphocyanate  of  allyl  is  made. 
It  is  then  distilled,  when,  by  molecular  rearrangement,  it  be- 
comes Allyl  Isosulphocyanate^  CS.NC3H5,  or  true  mustard  oil 
(Oleum  Sinapis  Volatile,  U.  S.  P.).  It  is  also  obtained  from 
the  seeds  of  the  black  mustard  by  distillation  with  water.  It 
forms  a  liquid  slighdy  soluble  in  water,  of  irritating  odor,  inciting 
to  tears  and  producing  blisters  upon  the  skin.     Boils  at  151°. 

The  esters  of  isosulphocyanic  acid  are  often  known  collec- 
tively as  **  mustard  oils."  Thus,  we  have  methyl-mustard  oil, 
CS.NCH3  ;  ethyl-mustard  oil,  CS.NCgH,;  n-propyl-mustardoU^ 
CS.NC3H7. 

4.  Amides  of  Cyanogen. — The  only  important  compound 
in  this  series  is  Cyanamide,  CN.NH3.  May  be  formed  by  the 
action  of  ammonia  upon  cyanogen  chloride  in  ethereal  solution. 
Colorless,  deliquescent  crystals,  easily  soluble  in  water,  alcohol, 
and  ether.     By  the  action  of  dilute  acids  it  takes  up  the  elements 

of  water  and  becomes  urea  :  CN.NHg  +  H.O  =  CO  |  JJ|j«,  and 

in  analogous  manner  it  takes  up  H^S  and  becomes  sulphurea, 

CS  ]  Tyjo"-     When  heated  with  ammonia  salts  it  yields  salts  of 

giianiciine  (see  p.  667 j. 


CHAPTER  IV, 

CL08BD-CHAIN  GROUPS  WITH   LESS  THAN  SIX  CARBON 

ATOMS. 

The  compounds  thus  far  considered  were  all  derivatives  of 
methane  and  the  similar  hydrocarbons,  which,  whether  saturated 
or  unsaturated,  had  the  one  feature  in  common,  that  they  were 
open-chain  hydrocarbons  ;  that  is,  aggregates  of  carbon  atoms 
linked  together  in  such  a  way  that  the  end  carbon  atoms  were 
distinguished  from  those  occupying  a  middle  position  in  the 
molecular  grouping. 

For  benzene  and  the  so-called  **  aromatic  compounds,'*  on  the 
other  hand,  we  must  assume  that  the  molecule  contains  six  carbon 
atoms  linked  together  in  a  closed  chain,  so  that  no  one  of  the  six 
is  an  end  carbon  atom.  The  presumptions  in  favor  of  this  theory 
will  be  stated  in  the  next  chapter.  As  transition  compounds  from 
the  of)en-chain  compounds  to  the  true  aromatic  compounds  or 
benzene  derivatives  may  be  noted  three  compounds  which  show 
a  closed-chain  structure  in  which  less  than  six  carbon  atoms  are 
present.  These  are  Furfurane  {or  Fur ane)^  C4H4O,  Thiophene^ 
C^H^S,  and  Pyrrol^  C4H4NH,  Of  these,  the  first  is  most  nearly 
related  to  the  methane  derivatives,  being  formed  in  many  cases 
in  the  decomposition  of  the  sugars  and  carbohydrates,  and  the 
other  two  accompany  benzene  in  the  products  of  destructive  dis- 
tillation, and  more  nearly  resemble  the  true  aromatic  compounds. 
The  structural  formulas  given  to  the  three  compounds  show  a 
cl<K»e  similarity  and  relationship,  and  the  fact  that  all  three  may 
be  derived  from  the  same  compounds  by  three  different  reactions 
goes  to  establish  this  relationship. 

The  formulas  ascribed  to  them  are  : 

CH=CHv        CH=CHv       CH=CHv 
CH=CHX       CH=CH/       CH=CHX 

Fuffurane.  Thfophene.  Pyrrol. 

All  three  are  liquids,  boiling  at  relatively  low  temperatures, — fur- 
furane at  32®,  thiophene  at  84®,  and  pyrrol  at  130®. 

All  three  are  insoluble,  or  only  slightly  soluble,  in  water,  but 
easily  soluble  in  alcohol  and  ether.  They  show  analogous  color 
reactions.     All  three  give  blue  or  violet  coloring  matters  with 

43  ^3 
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isatin  and  sulphuric  acid  ;  the  vapor  of  pyrrol  colors  a  pine  shav- 
ing that  has  been  moistened  with  HCl  carmine-red  (whence  the 
name,  from  nupp6(;,  fiery-red),  while  furfurol  vapor  colors  it  an 
emerald-green. 

All  three  are  derived  from  mucic  acid  by  different  reactions. 
Mucic  acid  destructively  distilled  yields  first  pyromucic  add 
(furfiirane-carboxylic  acid),  C^HjOCCOOH),  and  this  on  fiirther 
heating  splits  off  CO,,  and  yields  fiirfiirane  ;  by  the  dry  distil- 
lation of  ammonium  pyromucate  is  obtained  pyrrol ;  and  by  the 
action  of  hydrogen  sulphide  upon  pyromucic  acid  is  formed 
thiophene. 

Similarly  all  three  are  derived  from  acetonyl-acetone  by  dif- 
ferent reactions,  and  both  pyrrol  and  thiophene  fix>m  sucdnic 
acid  by  the  action  of  different  reagents. 

1.  Purfurane  and  its  Derivatives. — Furfurane  (or  Furane), 
C4H4O,  is  formed  by  the  distillation  of  pine  wood.     Is  a  color- 
less, mobile  liquid  of  chloroform-like  odor,  boiling  at  32°.     It  is 
recognized  by  the  emerald-green  color  which  it  imparts  to  a  pin 
shaving  which  has  been  moistened  with  hydrochloric  add. 
sides  furfurane,  methyl-ftirfurane  appears  to  be  present  also  i 
pine-wood  tar. 

Furfurol  (Furfurane  Aldehyde),  C4H3O.COH,  results  fro 
the  oxidation  of  the  sugars  with  manganese  dioxide  and  s 
phuric  acid,  as  well  as  from  the  distillation  of  the  pentoses,  bra 
sawdust,  starch,  gum  arable,  etc.,  with  sulphuric  acid.     It  is 
tained  in  beer  and  in  fusel  oil,  and  hence  in  brandy.     It  is  also 
decomposition  product  of  the  albuminoids.     It  is  a  colorless  c^H 
of  agreeable  odor,  resembling  that  of  bitter  almonds,  tumicrx^ 
brown  in  the  air.     As  an  aldehyde  it  reduces  anmioniacal  siiv^er 
solution. 

Pyromucic  Acid^  C4H3O.COOH,  is  the  add  corresponding; 
and  is  produced  by  the  oxidation  of  furfurol  as  well  as  in  the  dxy 
distillation  of  mucic  acid.     Needles  or  plates,  melting  at  134'', 
resembling  benzoic  acid  in  appearance. 

2.  Thiophene  and  its  Derivatives. —  Thiophene^  C4H4S,  ac- 
companies benzene,  C^H^,  in  coal-tar,  and  is  only  separated  from 
it  with  difficulty.  Its  homologues  likewise  accompany  those  of 
benzene,  displaying  nearly  the  same  boiling  points  and  many 
similar  reactions.  It  is  separated  from  the  crude  benzene  of  coal- 
tar  by  shaking  out  with  successive  quantities  of  concentrated  sul- 
phuric acid,  in  which  it  is  soluble.  Is  a  liquid  of  weak  odor, 
boiling  at  84''.     The  most  delicate  test  for  it  is  the  blue  color  due 
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Ko  the  formation  of  indophenin,  obtained  on  shaking  a  solution 
cx>ntaining  it  with  sulphuric  acid  and  isatin. 

Two  thiophene  derivatives  have  been  recommended  for  use  in 
xnedidne : 

TTiiaphene  Diiodide^  Q^^^^  and  Sodium  Thiophene-sulpho* 
-wuUe^  C^H^-SOaNa. — ^The  former,  which  is  recommended  as  a 
substitute  for  iodoform,  is  in  colorless,  readily  volatile  crystals, 
melting  at  40.5^  C.  The  odor  is  aromatic  but  not  unpleasant. 
It  b  insoluble  in  water,  but  easily  soluble  in  ether,  chloroform, 
2uid  in  hot  alcohol.  It  contains  75.5  per  cent,  of  iodine  and  9.5 
per  cent,  of  sulphur.  The  second  compound  is  a  white,  crys- 
talline powder,  recommended  for  use  in  salve  in  cases  of  prurigo. 

3,  pyrrol  and  its  Derivatives. — Pyrrol,  C^H^NH,  is  ob- 
tained in  the  dry  distillation  of  bones  and  in  coal-tar.  It  is  a 
liquid,  boiling  at  130^,  and  smelling  like  chloroform.  Is  insoluble 
in  water  and  alkalies,  soluble  in  alcohol,  ether,  and  dilute  acids. 

Teiraiodapyrrol  {^lodol^^  C4I4NH. — When  iodine  in  alcoholic 
solution  acts  upon  pyrrol,  especially  in  the  presence  of  an  alkali,  a 
mibstitution  compound,  to  which  the  name  of  iodol  has  been 
given,  separates  out  in  a  yellow,  crystalline  powder,  insoluble  in 
water,  soluble  in  alcohol.  It  is  used  as  an  odorless  substitute  for 
iodoform,  and  is  especially  characterized  by  its  high  percentage 
of  iodine  (88.97  P^  cent.). 

AfUifyrtn  (^Phenyl'dimethyl'pyrazolon)^  CiiHij|Nj,0.— By  the 
action  of  phenyl-hydrazine,  CeH^.NH.NH,,  upon  aceto-acetic 
-ether  (see  p.  614)  water  and  a  molecule  of  alcohol  are  split  off, 
and  a  compound  is  obtained  which  is  called  phenyl -methyl-pyra- 
2olon.     This  would  be  a  derivative  of  the  yet  unknown  pyrazol, 

CH=Nv^ 

I  ]>NH,  a  compound  differing  from  pyrrol  only  in  the 

CH=CH^ 

substitution  of  the  nitrogen  atom  for  the  triad  group  CH.  In 
the  phenyl-methyl-pyrazolon  we  would  have  besides  the  sub- 
stitution of  the  radicals  phenyl  and  methyl  the  change  of  a  CH 
group  for  the  dyad  group  CO,   making  its  structural  formula 

(CH^C=N^-^^^ 

I  ^^N(CaH.).     When  this  is  methylated  by  the 

CH.— CO/ 

action  of  methyl  iodide,  there  is  formed  the  hydrogen  iodide  com- 
pound of  the  new  base  phenyl-dimethyl-pyrazolon,  which  pos- 

(CH3)C-N(CH3)^ 
the  structural  formula  ||  ^NCC-H,). 

CH— CO-^ 


4 


— ^J 
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The  free  base  comes  into  commerce  as  a  white,  crystalline  pow- 
der, melting  at  113°,  almost  odorless,  easily  soluble  in  water, 
alcohol,  chloroform,  difficultly  soluble  in  ether.  As  a  base  it 
forms  addition  salts  with  the  acids  like  ammonia.  It  shows  two 
characteristic  color  reactions :  with  ferric  chloride  it  is  colored  j 

deep  red,  which  color  is  changed  by  sulphuric  acid  into  bright  j 

yellow  ;  with  nitrous  acid  a  green  color,  and  in  concentrated  £ 

solutions  a  separation  of  green  crystals  of  isonitroso-antipyrin 
CjiHijNgOa.    Both  these  reactions  are  adapted  for  the  recog-  -« 

nition  of  antipyrin  in   urine.      Antipyrin  is  probably  the  best  ^^ 

known  of  the  newer  synthetic  remedies. 

Antipyrin  Salicylate  (Salipjrrin),  CuHjjNjO.CyH^O,,  forms  a         jb 
colorless,  crystalline  powder,  melting  at  92^.     Used  as  an  anti- 
neuralgic  remedy. 

lodo'pyrin  (lodo-antipyrin),  CjjHjjINgO,  forms  lustrous, 
colorless,  prismatic  needles,  difficultly  soluble  in  cold  water,  more 
readily  in  hot  water.     Melts  at  160°. 

NaphthO'pyrin  (i^-naphtol-antipyrin)  is  a  molecular  combi- 
nation of  i^-naphtol  and  antipyrin.  Recently  introduced  into 
medicine. 

Monochloral-antipyrin  (Hypnal)  and  Bichloral-anHpyrin  have 
been  mentioned  under  Chloral-hydrate  (see  p.  592), 

Tolypyrin  (Tolyl-dimethyl-pyrazolon),  Cj,Hi4N,0,  is  a  homo- 
logue  of  antipyrin.     Made  by  using  instead  of  phenyl-hydrazine   -*^  ^^ 
the  homologous    compound  /-tolyl-hydrazine  in  the  reaction  M^m  mn 
with  aceto-acetic  ether.     Colorless  crystak,  (using  at  136**-! 37®, 
soluble  in  water  and  alcohol,  difficultly  soluble  in  ether, 
the  same  color  reaction  with  ferric  chloride  and  nitrous  add  a^ 
antipyrin. 

Tolypyrin  Salicylate  (Tolysal),  QjH^NjO.QH.O,,  is  forme — ^ 
by  the  direct  union  of  the  two  components.    Is  in  every 
analogous  to  antipyrin  salicylate. 


K"-r!  *, 


CHAPTER  V. 

CLOSED-CHAIN   OR  AROMATIC  COMPOUNDS  (CYCLIC 
HYDROCARBONS   AND   DERIVATIVES). 

In  studying  the  methane  derivatives  we  had  several  series  of 
hydrocarbons,  of  which  that  containing  the  maximum  hydrogen 
in  any  given  case  for  the  amount  of  carbon  present  was  called  the 
Paraffin  series,  and  had  assigned  to  it  the  general  formula 
C.Hj,^^.  This  series  was  also  termed  the  saturated  series  of 
hydrocarbons,  because  no  addition  compounds  could  be  formed. 
The  explanation  of  this  fact  and  the  verification  of  the  general 
formula  just  stated  were  both  found  in  the  structural  formulas, 
showing  an  open-chain  formation  with  single  linking  of  adjacent 
carbon  atoms.  The  other  series  of  hydrocarbons,  with  the 
general  formulas  QH,.,  C„H^_a,  C„Ha„^,  and  C„Ha._e»  re- 
spectively, were  all  unsaturated  hydrocarbons  and  ready  to 
unite  directly  with  halogen  atoms  and  atomic  groups  to  form 
addition  compounds.  The  explanation  of  this  fact  was  also 
given  in  the  structural  formulas,  which  showed  an  open-chain 
formation,  but  with  double  and  treble  linking  between  certain  of 
the  carbon  atoms.  This  form  of  linking  was  seen  to  be  unstable, 
and  hence  the  tendency  to  pass  into  saturated  compounds 
with  an  open-chain  structure  and  single  linking  of  the  carbon 
atoms. 

We  meet,  however,  in  the  Benzene  series  of  hydrocarbons, 
which  are  the  products  of  the  distillation  of  many  complex  sub- 
stances, and  which  are  found  to  be  the  fundamental  substances 
of  an  immense  number  of  compounds  occurring  in  the  vegetable 
kingdom,  hydrocarbons  of  the  general  formula  C^H^^,  which 
are  relatively  stable  and  more  like  saturated  than  unsaturated  hy- 
drocarbons. While  it  is  true  that  addition  of  halogen  atoms  may 
be  effected  within  certain  limits,  these  compounds  do  not  tend  to 
form  as  readily  as  substitution  compounds,  in  which  the  hydrogen 
atoms  of  the  original  hydrocarbons  are  readily  replaced  by  halo- 
gens and  radicals  like  methyl  and  ethyl. 

The  fundamental  hydrocarbon  of  this  series  is  benzene,  C^H^, 
and  the  homologues  are  formed  by  the  replacement  of  one  or  more 
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of  these  six  hydrogen  atoms  by  methyl  and  ethyl  groups.  The 
limit  of  this  replacement  is  reached,  of  course,  when  six  hydrogen 
atoms  have  been  exchanged  for  other  atoms  or  atomic  groups. 
Both  the  hydrocarbons  of  this  series  and  the  substitution  deriva- 
tives are  more  stable  than  the  addition  compounds  before  referred 
to.  Moreover,  all  the  derivatives  of  benzene  can  be  converted 
either  into  benzene  itself  or  into  very  nearly  allied  compounds 
by  relatively  simple  reactions.  Benzene  is,  then,  in  a  peculiar 
degree  both  the  starting-point  and  the  basis  of  the  compounds 
connected  with  it. 

It  is  obvious,  then,  that  benzene  and  its  homologous  hydrocar- 
bons must  be  diflferently  constituted  structurally  from  the  paraffin 
series  or  any  of  the  unsaturated  series  that  are  convertible  into 
methane  derivatives  by  addition.  The  benzene  derivatives  are 
not  convertible  into  marsh-gas  derivatives  by  addition  of  halogen 
or  other  atomic  groups  ;  benzene,  C^H^,  cannot  be  converted  into 
hexane,  C^H^^,  by  any  means,  direct  or  indirect.  As  stated 
before,  addition  compounds  can  be  formed.  We  can  obtain 
CjHjClj  and  from  this  C^Hi,,  but  the  addition  of  hydrogen  stops 
there.  It  is  strikingly  evident,  from  this  and  many  similar  ob- 
servations, that  C^Hj  is  a  peculiarly-constituted  molecule,  whidi 
resists  change  and  remains  substantially  intact  through  all  the 
substitutions  that  may  be  effected.  We  cannot  transform  it  into 
a  simpler  molecule  containing  5,  4,  or  3  carbon  atoms ;  when 
oxidized,  which  is  only  accomplished  with  difficulty,  it  goes  into 
carbon  dioxide  and  water. 

I.  Theories  as  to  the  Structure  of  the  Benzene  Mole- 
cule.— The  theory  as  to  the  constitution  of  the  benzene  mole- 
cule which  has  found  general  acceptance  is  that  of  KekuK, 
first  published  in  1866.  This  not  only  explains  known  &cts 
with  regard  to  benzene  and  its  thousands  of  derivatives,  but 
has  found  confirmation  in  the  discovery  and  preparation  of 
the  immense  numbers  of  so-called  **  coal-tar"  products  which 
are  chemically  grouped  and  classified  by  its  sud.  According  to 
this  theory  the  six  carbon  atoms  are  linked  together  in  such  a 
way  as  to  form  a  closed  chain.  We  may  arrange  them  in  a  con- 
tinuous chain  of  which  the  two  ends  are  connected  together,  but 
there  is  no  reason  here  for  making  it  a  longitudinal  chain.  There- 
fore the  six  carbon  atoms  may  be  considered  as  placed  at  equal 
distances  apart  on  the  circumference  of  a  circular  ring,  or  in  any 
other  position  that  might  be  assumed  by  a  closed  chain  of  six^~ 
units,  but  for  convenience  in  writing  the  hexagon  figure  is  usoall)^ 
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chosen.    The  benzene  molecule  would  then  show  as  its  ftame- 
C 


A: 


work    I       I  .     Each  of  these  carbon  atoms  has  attached  to  it 

y 

one  atom  of  saturating  h)rdrogen  in  the  formula  C,H,.     If  each 

carbon  atom  had  two  hydrogen  atoms  attached  we  would  have 

CH- 

/\ 
H,C5     CH, 

I       I        or  CaHjat  and  it  is  obvious  that  the  four  bonds 

H,C     CH, 


Yh 


HC 


:h. 

of  tetrad  carbon  would  be  satisfied. 

But  C^H,  is  the  formula  of  the  stable  molecule  and  not  C^H^ 
The  latter  readOy  gives  up  six  atoms  of  hydrogen  on  oxidation. 
Kekul6y  therefore,  considers  that  each  carbon  atom  in  the  ben- 
zene molecule  is  linked  doubly  with  one  other  carbon.  This 
would  make  an  alternate  single  and  double  linking,  as  shown  in 

CH 

^\ 
CH 

the  formula       |       ||     ,  and  chemists  have  generally  adopted 

HC     CH 

V 

CH 
this  graphic  expression  for  the  benzene  molecule.     This  formula 
agrees  very  well  with  the  formation  of  benzene  from  acetylene, 
H — C^=C — H,  three  molecules  of  the  latter  uniting  at  a  low  red 
heat  to  form  one  molecule  of  benzene,  or  the  formation  of  mesi- 

CH  CH 

#  /\ 

HC     CH  HC      CH 

tylene  (trimethyl-benzene)  |||       =       |       ||       from  ace- 

HC      CH  HC     CH 

CH  CH 

tone  (see  p.  594)  when  the  latter  is  distilled  with  dilute  sulphuric 
acid.  It  also  explains  the  capability  of  benzene  and  its  derivatives 
to  form  addition  compK>unds  up  to  a  certain  limit.  As,  however, 
no  experimental  proof  of  this  particular  structural  formula  can 
be  given,  other  formulas  have  been  proposed,  such  as  those  of 
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(i)  Claus  and  Koerner,  (2)  Dewar,  and  (3)  Ladenbuig.    Noa^ 
of  these,  however,  explains  all  the  observed  reactions  oi 


HC 


HC 


(I) 
CH 

/^CH 


\17 

CH 


CH 


HC 


HC 


(2) 
CH 


CH 


CH 


CH 


HC 


HC 


CH 


CH 


CH 


and  its  derivatives  as  well  as  the  structural  formula  originally  pro- 
posed by  Kekul^. 

2.  Formation  of  Benzene  Homologues. — In  the  case  of 
open-chain  hydrocarbons,  whether  of  the  saturated  or  unsaturated 
series,  the  successive  homologues  were  formed  by  lengthening 
the  chain  or  adding  on  additional  carbon  atoms  with  the  requisite 
saturating  hydrogen.  Thus,  following  methane  we  had  ethane, 
propane,  butane,  etc. ,  and  following  ethylene  we  had  propylene, 
butylene,  etc.  In  the  case  of  benzene  the  closed-chain  structure 
precludes  this  method  of  forming  an  homologous  series.  But 
we  have  following  benzene,  C^He*  toluene,  QHg,  xylene,  CgHj^, 
etc. ,  as  far  as  CigHig.  A  slight  examination  of  these  compounds, 
as,  for  example,  with  oxidizing  agents,  shows  that  there  are  two 
parts  in  them  of  very  different  stability,  a  nucleus,  C^H,  or 
CgH4,  not  oxidizable,  and  one  or  two  side-groups,  CH3,  which 
have  replaced  hydrogen  atoms  of  the  original  C^H^,  and  are 
easily  oxidized  to  COOH  groups.  In  other  words,  toluene 
is  methyl-benzene,  xylene  is  dimethyl-benzene,  etc.,  and  their 
formulas  may  be  written  C^Hg.CHj  and  CgH4(CH3),,  etc.,  up  to 
hoxamethyl-benzene,  CgCCHj)^,  when  this  series  of  homologues 
sto|vs.  It  is  true  we  can  have  ethyl-benzene  and  diethyl-benzene 
or  mothyl-propyl-benzene  and  similar  derivatives,  but  these  are 
n^^^  to\md  in  any  great  number  in  nature.  Nor  are  their  deriva- 
r\  TN  ot  the  same  importance  as  those  of  the  methylated  benzenes. 

,1.  DitTerences  between  the  Benzene  Hydrocarbons  and 
lh0  OjH'n-Chain  Hydrocarbons.— (a)  We  notice  first  that 
0\.  .u  !\o«  of  a>ncentrated  nitric  acid  is  quite  different.  With  the 
V  tNvn^xl  vh,\in  hydrocarbons  a  hydrogen  atom  of  the  nucleus  is 
K  ul»!\  u'puutxi  by  the  group  NO,,  as  CgH,  -(-  NO^-OH  = 
r^n,  Ni\  »  HgO,  the  product  being  called  nitrobenzene. 
W  \\\\  jKuatVtn  hydrocarbons  nitric  acid  has  little  or  no  action, 
1  \  V IV  \\  \w\\  hcatixl  for  a  time. 

\'?^  W'ah  cv>noontrated  sulphuric  acid  the  benzene  hydrocar-^ 
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iDons  give  rise  to  sulphonic  acids,  as  C^H^  +  SOjH.OH  = 
^^HjCSOjH)  +  HgO,  the  product  being  called  benzene-sul- 
phonic  acid.  Concentrated  sulphuric  acid  has  no  action  on  the 
paraffin  hydrocarbons,  and  with  the  olefines  it  forms  addition 
.oom pounds  without  displacement  of  hydrogen. 

(r)  As  mentioned  before,  under  the  influence  of  oxidizing 
.^g^ents  the  homologues  of  benzene  are  easily  oxidized,  yielding 
-the  corresponding  carboxylic  acids.  Thus,  toluene,  C^Hg — CH3, 
is  oxidized  by  dilute  nitric  acid  or  by  chromic  acid  to  benzoic 
.^cid,  CjHj.COOH.  The  open-chain  hydrocarbons  are  only 
.3,cted  upon  by  oxidizing  agents  with  great  difficulty. 

(d)  The  hydroxyl  derivatives  like  C^H^.OH  are  quite  differ- 
ent from  the  simple  OH  derivatives  of  the  paraffin  or  other  open- 
.^hsdn  hydrocarbons.  The  former  have  more  of  an  acid  character, 
-Virhile  the  latter  are  basic  hydrates.  Thus,CjH50H  is  phenol  or 
.cr^^bolic  acid,  while  CjHj.OH  is  ethyl  alcohol,  which  forms  esters 
salts  with  the  acids. 

4.  Isomerism  in  the  Closed-Chain  Hydrocarbons. — In 
le  hydrocarbons  of  the  paraffin  series  it  is  possible  to  obtain 
isomeric  mono-substitution   derivatives,    as,    for  example,  nor- 
mal propyl  chloride,  CHjCl.CHg.CHg,  and  isopropyl  chloride, 
CW3.CHCI.CH3  ;  in  the  case  of  benzene,  isomeric  mono  deriva- 
tives cannot  be  obtained.     The  six  hydrogen  atoms  of  the  benzene 
to  possess  an  equal  value.     It  is  a  closed-chain  structure, 
it  matters  not  at  what  point  in  the  ring  thus  formed  the 
singrie  substitution  takes  place.     This  fact  has  been  proved  ex- 
perimentally.    It  is  different  when  two  atoms  of  hydrogen  in  the 
l>enzene  molecule  are  replaced  by  other  atoms  or  groups.     These 
^i-siabstitution  derivatives  may  exist  in  three  isomeric  modifica- 
tions.   We  may  have  three  dichlor-benzenes,  three  dimethyl- 
l>ei:xzcnes,  three  dinitro-benzenes,  etc.      This  also  has  been  estab- 
lisHed  experimentally,  and  the  limit  set  at  three. 

ir  we  now  look  at  the  benzene  molecule  as  figured  in  Kekul^'s 
theory,  we  see  the  explanation  of  this  fact.     Taking  the  structu- 

(6)C     C(2) 
fal    formula         I      ||        ,  and  numbering  the  carbon  atoms  from 

(5)C     C(3) 

\/ 
(4)C 

"^^  top  going  to  the  right,  we  have  for  the  purpose  of  represen- 
^lon  each  one  indicated.     Now,  if  the  replacement  take  place  at 
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substitution  derivative  which  would  be  marked  v,  as  z/-trinitro- 

Cx  Cx 


i\     i^ 


Cx 

benzene,  while  the  figures        |       ||      and       I       ||       would  be 

xC     Cx  C     C 

V  ^z' 

C  Cx 

designated  by  the  s  and  a  respectively,  as  j-trimethyl-benzene 
and  a-trichlor-benzene. 

These  cases  of  isomerism,  it  will  be  noticed,  are  all  concerned 
with  the  position  in  the  nucleus  assumed  by  the  replacing  atom 
or  group.  We  may  also  have  side-group  isomerism,  as  normal 
propyl-benzene  and  isopropyl-benzene. 

More  important  than  this  last,  however,  is  the  case  where  a 
substituent  enters  the  benzene  nucleus  in  one  case  and  the  side- 
group  in  another  case,  giving  us  the  so-called  **  mixed  isomer- 
ism." Thus,  C^H^CLCHj,  monochlor-toluene,  and  C^H^CHgQ, 
benzyl  chloride,  or  CeH4(CH3)g,  xylene,  and  C^H^.CgH^,  ethyl- 
benzene,  are  isomeric. 

The  determination  of  the  nature  of  a  di-substitution  derivative 
of  benzene,  whether  ortho,  meta,  or  para,  is  to  be  accomplished 
by  the  treatment  with  reagents,  whereby  the  nature  of  the  side- 
group  may  be  changed  and  the  product  studied  as  to  its  proper- 
ties. Ortho  derivatives  through  a  series  of  such  changes  will 
remain  ortho  derivatives,  and  so  with  the  meta  and  the  para  com- 
pounds. By  such  a  series  of  transformations  it  becomes  possible 
correctly  to  identify  the  nature  of  the  original  compound. 
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AROMATIC  COMPOUNDS  CONTAINING  ONB   NUCLEUS. 
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In  explaining  the  theories  held  as  to  the  fundamental  differences 
between  the  aromatic  compounds  and  the  open-chain  hydrocar- 
bons and  their  derivatives,  we  have  touched  only  upon  the  struct- 
ure of  benzene,  taking  it  as  the  type  of  closed-chain  compounds, 
and,  in  fact,  the  starting-point  from  which  they  are  derived.    We 
will  see,  however,  later,  that  two  or  more  of  these  benzene  nuclei 
may  unite,  either  by  simple  linking  without  condensation,  or  by 
condensing  together  to  form  a  compound   nucleus,  obviously 
related  to  the  simpler  benzene  molecule,  but  built  up  by  its 
doubling  or  trebling  itself     Thus,  diphenyl,  diphenyl-methane, 
triphenyl-methane,  and  indigo  all  represent  aromatic  compounds 
with  more  than  one  benzene  nucleus  in  which  the  parts  are  linked 
together  without  condensation  of  the  nuclei.     On  the  other  hand, 
naphthalene,  anthracene,  phenanthrene,  quinoline,  and  acridine 
all  represent  molecules  formed  by  the  condensation  of  benzene 
nuclei. 

We  shall  first  confine  our  attention  to  those  aromatic  com- 
pounds  in  which  a  single  benzene  nucleus  appears  as  the  basis  of 
the  molecule. 

I.     Hydrocarbons. 

I.  Saturated  Hydrocarbons. — ^We  have  here  to  deal  with 
benzene  and  its  homologues.  They  occur  to  some  extent  in  the 
free  state  in  nature,  being  found  in  Galician  and  Hanoverian  pe- 
troleum, and  even  in  small  amount  in  Pennsylvania  petroleum. 
They  are  obtained,  however,  most  abundantly  as  the  product  of 
the  destructive  distillation  of  bituminous  coal,  and  hence  are  con- 
tained in  coal-tar.  This  is  a  very  complex  mixture,  and  more 
than  forty  distinct  compounds  of  the  aromatic  class  have  been  iden- 
tified in  it.  When  roughly  fractioned  from  the  tar-stills  it  yields 
three  main  fractions  :  (i)  The  light  oil,  sp.  gr.  0.9,  boiling  point 
up  to  150*^,  which  contains  mainly  benzene  and  its  homologues, 
with  some  naphthalene  ;  (2)  middle  oil,  sp.  gr.  up  to  i.oi,  boiling 
point  150°  to  210*^,  which  contains  especially  naphthalene,  carbolic 
and  cresylic  acids,  and  quinoline  bases  ;  and  (3)  heavy  oil,  sp.  ff* 
684 
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up  to  1.04,  boiling  point  from  210*^  to  300°,  confciining  chiefly 
anthracene  and  phenanthrene. 

From  the  first  of  these  fractions,  by  careful  fractionating  with 
the  aid  of  column  stills,  the  benzene  hydrocarbons  may  be  ob- 
tained. Their  separation,  however,  is  not  entirely  possible  by 
fractional  distillation  alone,  but  requires  special  treatment  with 
reag^ents. 

Benzene  derivatives  can  be  formed  from  bodies  of  the  methane 
series  by  a  number  of  reactions,  some  of  which  may  be  noted. 

The  vapors  of  alcohol  when  led  through  a  red-hot  tube  yield 
benzene.  Acetylene  polymerizes  at  a  low  red  heat,  three  mole- 
oules  uniting  to  form  one  molecule  of  benzene.  This  has  been 
illustrated  graphically  (see  p.  679).  Allylene,  Cgli^,  in  the  same 
-way  polymerizes  to  form  mesitylene  or  trimethyl-benzene,  CgH^g, 
"when  distilled  with  dilute  sulphuric  acid.  Ketones  condense  to 
l>enzene  hydrocarbons  when  distilled  with  dilute  sulphuric  acid. 
Thus,  acetone  yields  mesitylene : 

CHa  CHa 

C(0)  c 

(Ha)CH       CH(Ha)  yields  HC     CH 

CHr-C(O)    C(0)— CHa  CH^     C— CHa 

/  V 

(Ha)CH  CH 

Hexyl  iodide,  C^H^jI,  can  be  converted  into  hexachlor-ben- 
^ene,  C^Cl^,  by  heating  it  with  IClg,  and  into  hexabrom-benzene, 
CaBr^,  by  heating  the  hexyl  iodide  with  bromine  at  260*^. 

Mellitic  acid,  Ce(COOH),,  is  produced  by  the  oxidation  of 
graphite  or  lignite  by  means  of  potassium  permanganate. 

Potassium  carboxide,  Ce(OK),,  which  is  formed  by  the  action 
of  carbon  monoxide  upon  potassium,  is  the  potassium  compound 
of  hexoxy-benzene,  C,(OH),. 

These  methods,  however,  may  be  said  to  be  isolated  reactions, 
and  not  used  as  general  methods  for  their  production.  Among 
the  general  methods  may  be  mentioned  : 

1.  By  treating  a  mixture  of  brominated  hydrocarbon  and 
methyl  or  ethyl  iodide  with  sodium  in  ethereal  solution  :  C^H^Br 
+  CHal  +  Na,  =  CeHe.CHa  +  Nal  +  NaBr. 

2.  By  the  action  of  methyl  chloride  upon  benzene  or  its  homo- 
logues  in  the  presence  of  aluminum  chloride  :  C^H,  -{-  2CH3CI 
=CH^(CHa)a+2HCl. 
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will  see,  however,  later,  that  two  or  more  of  these  benzene  nuclei 
may  unite,  either  by  simple  linking  without  condensation,  or  by 
condensing  together  to  form  a  compound  nucleus,  obviously 
related  to  the  simpler  benzene  molecule,  but  built  up  by  its 
doubling  or  trebling  itself  Thus,  diphenyl,  diphenyl-methane, 
triphenyl-methane,  and  indigo  all  represent  aromatic  compounds 
with  more  than  one  benzene  nucleus  in  which  the  parts  are  linked 
together  without  condensation  of  the  nuclei.  On  the  other  hand, 
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all  represent  molecules  formed  by  the  condensation  of  benzene 
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pounds  in  which  a  single  benzene  nucleus  appears  as  the  basis  of 
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I.    Hydrocarbons. 

I.  Saturated  Hydrocarbons. — ^We  have  here  to  deal  with 
benzene  and  its  homologues.  They  occur  to  some  extent  in  the 
free  state  in  nature,  being  found  in  Galician  and  Hanoverian  pe- 
troleum, and  even  in  small  amount  in  Pennsylvania  petroleum. 
They  are  obtained,  however,  most  abundantly  as  the  product  of 
the  destructive  distillation  of  bituminous  coal,  and  hence  are  con- 
tained in  coal-tar.  This  is  a  very  complex  mixture,  and  more 
than  forty  distinct  compounds  of  the  aromatic  class  have  been  iden- 
tified in  it.  When  roughly  fractioned  from  the  tar-stills  it  yields 
three  main  fractions  :  (i)  The  light  oil,  sp.  gr.  0.9,  boiling  point 
up  to  150*^,  which  contains  mainly  benzene  and  its  homologues, 
with  some  naphthalene  ;  (2)  middle  oil,  sp.  gr.  up  to  i.oi,  boiling 
point  150°  to  210°,  which  contains  especially  naphthalene,  carbolic 
and  cresylic  acids,  and  quinoline  bases  ;  and  (3)  heavy  oil,  sp.  p* 
684 


AROMATIC  COMPOUNDS  WITH   ONE  NUCLEUS.  685 

up  to  1.04,  boiling  point  from  210*^  to  300°,  containing  chiefly 
anthracene  and  phenanthrene. 

From  the  first  of  these  fractions,  by  careful  fractionating  with 
the  aid  of  column  stills,  the  benzene  hydrocarbons  may  be  ob- 
tained. Their  separation,  however,  is  not  entirely  possible  by 
fractional  distillation  alone,  but  requires  special  treatment  with 
reagents. 

Benzene  derivatives  can  be  formed  from  bodies  of  the  methane 
series  by  a  number  of  reactions,  some  of  which  may  be  noted. 

The  vapors  of  alcohol  when  led  through  a  red-hot  tube  yield 
benzene.  Acetylene  polymerizes  at  a  low  red  heat,  three  mole- 
cules uniting  to  form  one  molecule  of  benzene.  This  has  been 
illustrated  graphically  (see  p.  679).  Allylene,  C3H4,  in  the  same 
"way  polymerizes  to  form  mesitylene  or  trimethyl-benzene,  CgH^g, 
mrhen  distilled  with  dilute  sulphuric  acid.  Ketones  condense  to 
l>enzene  hydrocarbons  when  distilled  with  dilute  sulphuric  acid. 
Thus,  acetone  yields  mesitylene : 

CHa  CHa 

C(0)  c 

(Ha)CH       CH(Ha)  yields  HC     CH 

CHa-C(O)    C(0)— CHa  CH^    C-CHa 

(Ht)(5H  CH 

Hexyl  iodide,  C^H^^I,  can  be  converted  into  hexachlor-ben- 
^ene,  C^Cl^,  by  heating  it  with  IClg,  and  into  hexabrom-benzene, 
C^a^^'e*  by  heating  the  hexyl  iodide  with  bromine  at  260°. 

Mellitic  acid,  Ce(COOH),,  is  produced  by  the  oxidation  of 
graphite  or  lignite  by  means  of  potassium  permanganate. 

Potassium  carboxide,  C^COK),,  which  is  formed  by  the  action 
of  carbon  monoxide  upon  potassium,  is  the  potassium  compound 
of  hexoxy-benzene,  C,(OH)j. 

These  methods,  however,  may  be  said  to  be  isolated  reactions, 
^nd  not  used  as  general  methods  for  their  production.  Among 
the  general  methods  may  be  mentioned  : 

1.  By  treating  a  mixture  of  brominated  hydrocarbon  and 
xnethyl  or  ethyl  iodide  with  sodium  in  ethereal  solution  :  C^H^Br 
4-  CHal  +  Na,  =  CeHe.CHa  +  Nal  +  NaBr. 

2.  By  the  action  of  methyl  chloride  upon  benzene  or  its  homo- 
logues  in  the  presence  of  aluminum  chloride  ;  C^Ha  +  2CHaCl 
=  CaH^(CHa)a  +  2HCl. 
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In  explaining  the  theories  held  as  to  the  fundamental  differences  ' 
between  the  aromatic  compounds  and  the  open-chain  hydrocar- 
bons and  their  derivatives,  we  have  touched  only  upon  the  struct- 
ure of  benzene,  taking  it  as  the  type  of  closed-chain  compounds, 
and,  in  fact,  the  starting-point  from  which  they  are  derived.  We 
will  see,  however,  later,  that  two  or  more  of  these  benzene  nuclei 
may  unite,  either  by  simple  linking  without  condensation,  or  by 
condensing  together  to  form  a  compound  nucleus,  obviously 
related  to  the  simpler  benzene  molecule,  but  built  up  by  its 
doubling  or  trebling  itself  Thus,  diphenyl,  diphenyl- methane, 
tri  phenyl -methane,  and  indigo  ail  represent  aromatic  compounds 
with  more  than  one  benzene  nucleus  in  which  the  parts  are  linked 
together  without  condensation  of  the  nuclei.  On  the  other  hand, 
naphthalene,  anthracene,  phenanthrene,  quinoline,  and  acridine 
all  represent  molecules  formed  by  the  condensation  of  benzene  1 
nuclei. 

We  shall  first  confine  our  attention  to  those  aromatic  com- 
pounds in  which  a  angle  benzene  nucleus  appears  as  the  basis  of 
the  molecule, 

I.  Hydrocarbons. 
I.  Saturated  Hydrocarbons, — We  have  here  to  deal  with  ^ 
benzene  and  its  homologues.  They  occur  to  some  extent  in  the 
free  state  in  nature,  being  found  in  Galidan  and  Hanoverian  fie- 
iroleuin,  and  even  in  small  amount  in  PennsyK-ania  petroleum. 
They  are  obtained,  however,  most  abundantly  as  the  product  of 
the  destructive  distillation  of  bituminous  coal,  and  hence  are  con- 
tained in  coal-tar.  This  is  a  verj'  complex  mixture,  and  more 
than  forty  distinct  compounds  of  the  aromatic  class  have  been  iden- 
tified in  it.  When  roughly  fractioned  from  the  tar-stills  tl  yields 
three  main  fractions  ;  (i)  The  light  oil,  sp.  gr.  0.9,  boiling  point 
up  to  150".  which  contains  mainly  benzene  and  its  homologues, 
with  some  naphthalene  ;  (2)  middle  oil,  sp.gr.  up  to  i.oi.  boiUiig 
point  150°  to  210°,  which  contains  especially  naphthalene,  carbolic 
and  cresylic  adds,  and  qmnoline  bases  ;  and  (3)  hea\'>'  oil,  sp,  gn 
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3.  The  benzene  hydrocarbons  result  from  their  respective  car- 
boxy  lie  acids  by  distilling  them  with  soda-lime  :  C^H^.COOH  = 
CeHe  +  CO,. 

4.  From  sulphonic  acids  by  the  separation  of  the  SO3H  group ; 
CeH^  CH3)SOaH  +  H.O  =  CeH.CCH.)  +  H^SO^. 

5.  By  distillation  of  the  phenols  with  zinc-dust. 

The  general  characters  of  the  benzene  hydrocarbons  that  seem 
most  important  are : 

1.  They  may  all  be  distilled  without  decomposition.  Most  of 
them  are  colorless  liquids  of  peculiar  aromatic  odor.  Durene, 
penta-  and  hexamethyl-benzene  are  crystalline  solids  at  ordinary 
temperatures. 

2.  As  before  stated,  they  readily  form  nitro  and  sulphonic 
derivatives. 

3.  Benzene  oxidizes  with  some  difficulty  to  oxalic,  formic,  and 
carbonic  acids  ;  the  aromatic  hydrocarbons  with  side-groups  are 
readily  oxidized  to  acids,  as  QH4(CH3)g  :=  CeH4(COOH)^ 

4.  By  reduction  with  hydrogen  iodide  under  pressure  at  high 
temperatures  the  benzene  hydrocarbons  add  on  hydrogen  up  to 
the  limit  of  six  atoms. 

5.  The  halogens  form  with  benzene  in  sunlight  addition  com- 
pounds like  CgHjClj.  On  the  other  hand,  in  diffiised  daylight 
they  form  substitution  compounds  like  C^H^Cl. 

The  most  important  of  the  benzene  hydrocarbons  are  shoi^Ti 
arranged  in  tabular  form  on  the  next  page. 

BenzeyiCy  C,H,,  was  discovered  by  Faraday  in  1825,  and  de- 
tected in  coal-tar  by  Hofmann  in  1845.  It  is  practically  always 
obtained  from  the  light  oil  of  tar  by  taking  the  purified  fraction 
boiling  at  83*^-85°  and  chilling  it,  when  the  benzene  will  crystalline 
out  from  the  adhering  portions  of  higher  homologues.  It  is  also 
obtainable  from  illuminating  gas,  or  perfectly  pure  by  distilling 
benzoic  acid  with  lime.  It  has  a  melting  point  of  +4**,  and  a 
boiling  point  of  80.5°.  Sp.  gr.  at  o®  0.9.  It  bums  with  a  luminous 
but  smoky  flame.  It  is  an  excellent  solvent  for  fats,  resins,  iodine, 
sulphur,  and  phosphorus.  Commercial  benzene  generally  con- 
tains thiophene,  and  hence  gives  the  indophenin  reaction  (see 
p.  675).  Is  used  on  a  large  scale  as  the  starting-point  for  the 
manufacture  of  aniline  and  other  technical  products  of  value  in 
the  color  industry. 

Toluene  (Methyl-benzene),  QH^.CHj,  is  formed  by  the  distil- 
lation of  certain  resins,  as  Tolu  balsam  (whence  the  name), 
dragon's-blood,  etc.     Is  generally  obtained  along  with  benzene 
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giving  rise  to  a  great  number  of  isomers.  The  halogen  atom=. 
which  are  attached  to  the  nucleus  are  much  more  firmly  held 
than  those  which  enter  in  the  side-group  only.  Ammonia  anc: 
oxidizing  agents  will  attack  and  eliminate  the  chlorine  of  the  side-= 
group,  but  not  affect  that  contained  in  the  nucleus.  This  action 
of  oxidizing  agents  is  so  distinctly  different  as  to  serve  to  di^ 
tinguish  whether  the  chlorine  is  present  in  the  one  position  0^ 
the  other. 

SUMMARY  OF  HALOID  SUBSTITUTION  PRODUCTS. 


CeHftCl,      Chloro-ben- 

CeHaBr,     Bromo-ben- 

CeHsI,    lodo-beawiic; 

zene,  b.  p.  133''. 

zene,  b.  p.  154®. 

b.  p.  185®. 

CeH4Cla,  Dichloro- 

CeH4Brs,      Dibromo- 

Diiodo-beozeiies. 

benzenes. 

benzenes. 

<>-i79^i*i-i72^^i73^ 

0-  224®,  fif-  219®,  ^219®. 

CeHaCla,  Trichloro-benzenes,  three  isomers. 
CeHgCl4,  Tetrachloro-benzenes,  three  bomers. 
CeHCls,  Pentachloro-benzene. 
C^Cle,  Hexachloro-benzene,  m.  p.  226®,  b.  p.  332*. 

CeH4Cl(CH8) Isomeric  with  CeHj-CHaCl. 

Chloro-toluenes,  three  isomers .         "  **     Benzyl  chloride,  b.  p.  179* 

C^HaClalCHs) C5H5.CHCI2. 

Dichloro-toluenes,  six  isomers  .        "         "    Benzal  chloride,  b.  p.  3o6*. 

Benzo-trichloride,   b>  P- 

213^ 

CeHaCI(CHa)a "  "    C«H4W5cHaa 

Chloro-xylenes,  six  isomers     .        "         •*    Xylyl  chlorides. 


Modes  of  Formation, — Chlorine  and  bromine  acting  upon  ben- 
zene readily  yield  monochloro-  and  monobromo-benzene.  A  far- 
ther  substitution  takes  place  especially  easily  in  the  presence  of 
iodine.  This  acts  as  a  carrier  of  chlorine  or  bromine,  and  by  te 
presence  aids  in  the  introduction  of  these  elements. 

In  the  homologues  of  benzene,  if  the  chlorination  takes  place 
in  the  cold,  the  chlorine  enters  the  nucleus  ;  if  at  a  boiling  tem- 
perature, it  enters  the  side-group. 

The  action  of  phosphorus  pentachlorides  upon  phenok  and 
aromatic  alcohols  also  serves  to  form  the  halogen  derivatives. 

The  nitro  or  primary  amido  compounds  of  the  benzene  hydi^ 
carbons  may  also  be  converted  into  halogen  compounds  by  fW 
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converting  them  into  the  diazo  compounds,  and  then  boiling 
these  with  cuprous  chloride  : 

CeH5.N=N.Cl    =r    CeH^a    -f-    N^ 

MonochlorO'benzeney  C^H^Cl,  \ 

ManobromO'benzene^  C^H^Br,  >•  are  all  colorless  liquids  of  pe* 

Manoiodo-benzene^  C^H^I,       3 
culiar,  aromatic  odor.     The  boiling  points  have  been  given  in 
the  table. 

Benzyl  Chloride^  CeH^.CHgCl,  is  formed  by  the  action  of  chlo- 
rine upon  toluene  at  a  boiling  temperature.  When  oxidized  it 
yields  benzoic  add.  This  reaction,  together  with  the  fact  that 
prolonged  boiling  with  water  or  potassium  carbonate  solution 
changes  it  into  benzyl  alcohol,  C^HQ.CHgOH,  shows  that  the 
chlorine  is  present  in  the  side-group.  Colorless  liquid,  boiling 
at  179^.  It  is  used  on  a  large  scale  for  the  manu&cture  of  ben- 
zoic aldehyde  (oil  of  bitter  almonds). 

Benzal  Chloride^  C.H^.CHCl,,  is  produced  by  the  further 
chlorination  of  boiling  toluene,  also  fh>m  benzoic  aldehyde  by 
the  action  of  PCI5. 

It  is  used  in  the  manu&cture  of  benzaldehyde  and  benzoic  add. 
When  heated  with  water  or  sulphuric  acid,  or,  as  is  done  on  a 
large  scale,  with  water  and  calcium  hydrate,  the  benzal  chloride 
is  changed  into  the  aldehyde,  CeH.CHClj,  +  H^O  =  CeH^.CHO 
+  2HCI. 

BenzO'trichloride,  C^Hj.CClg,  sometimes  termed  Phenyl-chlo- 
roform,  is  used  on  a  large  scale  for  the  manufacture  of  artificial 
benzoic  add.  For  this  purpose  it  is  heated  with  water  under 
pressure : 

CeH«.CCla    -f    aHgO    =    CeHe-COOH    -f    3HCL 

III.    SuLPHONic  Derivatives. 

The  sulphonic  acids  of  the  aromatic  series,  like  those  mentioned 
under  the  methane  derivatives,  contain  the  monad  group  HSO3, 
but  are  much  more  readily  formed.  They  result  from  the  action 
of  strong  or  filming  sulphuric  acid  upon  a  great  variet}'  of  aro- 
matic compounds,  and  play  quite  an  important  part  in  the  tech- 
nical application  of  the  benzene  derivatives,  and  latterly  in  the 
manufacture  of  synthetic  compounds  of  medicinal  value.  Thus 
we  may  have  the  following  classes  of  sulphonic  acid  derivatives  : 

I.  Sulphonic  adds  of  the  hydrocarbons,  as  benzene-sulphonic 
add,  CeH^HSOj. 
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3.  Sulphonic  acids  of  the  pbenols,  as  pbenol-sulp 
C,H.(OH)HSO;^ 

3.  Sulphonic  acids  of  the  amines,  as  amido-benzea 
acid.  C,H,(NH,>HSO^ 

4.  Sulphonic  acids  of  the  diazo  compounds,  as  dial 

sulphonic  acid,  C,H,<^.1,>* 

5.  Sulphonic  acids  of  the  aio  compounds,  as  azo-b 
phonic  acid,  C,H,.N  :  N-C,H.HSOy 

6.  Sulphonic  acids  of  the  hydrazines,  as  phenyl-j 
sulphonic  acid,  C,H,.NH— NH— HSO,. 

In  general,  these  sulphonic  adds  and  their  salts  are! 
compounds,  mostly  soluble  in  water,  difficultly  soluble^ 

When  fused  with  caustic  potash  or  soda,  they  yi^ 
and  sulphites.  C,H,.NaSO,  +  NaOH  =  C,H..OH  +  j 

When  distilled  with  potassium  cyanide,  they  yield  f 
nitrites.  ] 

When  heated  with  filming  hydrochloric  acid  or  1 
under  pressure,  they  regenerate  the  same  hydrocai 
which  they  were  originally  fomied,  C,Hj.  HSO^-j-  F^ 
4-  H,SO..  j 

Bemene-monosulpkonic  Acid,  C,H,.HSO„  is  oft 
healing  benzene  with  concentrated  sulphuric  acid,  ) 
of  sulphuric  acid  is  removed  by  addition  of  barium  d 
bonate,  as  both  the  barium  and  lead  salts  of  the  sulf 
are  soluble.  It  forms  small,  crystalline  leaflets,  delid 
the  air,  and  easily  soluble  in  water.  Because  of  ihel 
above,  that  when  fused  with  caustic  alkalies  it  yields  d 
of  importance  in  the  manufacture  of  synthetic  carbolq 

Benzene-disulphonk  Acids.  C.H^fH SO,),.— Three  \ 
obtainable.  The  para  compound  when  fused  with  cd 
yields  the  diatomic  phenol,  resorcin.    (See  Resorcin.V 

Toluetu:-miphonic  Acids,  C,H,CCHj,)HSOg,  exi^ 
isomeric  modifications, 

Xylene-mlpkonic  Adds.  C,Hg(CHj,),HSOa.— The 

of  this  substance  are  utilized  to  separate  the  isomi 

(See  p.  688.) 

The  higher  homologues  of  benzene,  except  h( 
zene,  are  all  capable  of  yielding  sulphonic  acids. 

The  sulphonic  acids  of  the  several  classes  of 
lives  will  be  mentioned,  when  of  sufficient  imporKni 
diflferent  groups  of  compounds. 
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IV.     NiTRO  Derivatives. 

By  the  action  of  strong  nitric  acid  upon  the  aromatic  hydro- 
<:arbons,  derivatives  in  which  one  or  more  hydrogen  atoms  are 
replaced  by  the  monad  group,  NO,,  are  formed.  These  are 
mostly  soluble  in  the  strong  nitrating  acid,  and  are  thrown  out 
of  solution  on  dilution  with  water.  Thus,  from  benzene  we  have 
C.He  +  NOa.OH  =  CeH^.NOa  +  H,0,  and  from  toluene  CeH^.- 
CH3  +  NOjOH  =  C^H^(CH3)NOa  +  HOH.  When  more  than 
one  such  replacement  takes  place,  we  distinguish  by  the  names 
mononitro-benzene,  dinitro-benzene,  trinitro-benzene,  etc. 

In  all  these  cases  the  NO,  group  attaches  itself  to  the  nucleus, 
and  not  to  the  side-group.  Whether  one  or  more  such  replace- 
ments shall  take  place  is  dependent  upon  the  strength  of  the  acid 
and  the  length  of  time  of  its  action. 

The  nitro  compounds  are  mostly  pale  yellowish  liquids,  dis- 
tilling undecomposed  in  a  current  of  steam,  or,  in  the  case  of 
the  higher  derivatives,  yellowish  needles  or  prisms.  They  are 
heavier  than  water,  and  insoluble  therein,  but  generally  soluble 
in  alcohol,  ether,  and  glacial  acetic  acid.  All  the  nitro  com- 
pounds are  reduced  in  acid  solution  by  the  action  of  nascent 
hydrogen,  forming  the  corresponding  amido  compounds.  This 
may  be  effected  by  the  action  of  tin  and  hydrochloric  acid,  stan- 
nous chloride  and  hydrochloric  acid,  or  iron  and  acetic  acid. 
Thus,  CeH..NO,+He  =  CeH5.NH,+  2H,0  and  CeH^(NOa)a  + 
Hx,  =  CoH,(NH.),  +  4H,0. 

The  nitro  compounds  are  of  very  great  technical  importance  as 
necessary  steps  in  the  manufacture  of  aniline  and  similar  amido 
compounds. 

NUrO'btnzene^  C^H^.NOa,  is  formed  by  adding  benzene  gradu- 
ally to  well-cooled  fuming  nitric  acid  as  long  as  it  seems  to  dis- 
solve. After  some  standing  the  nitro-benzene  is  separated  by  the 
addition  of  water,  washed  with  water  and  dilute  caustic  soda,  and 
purified  by  distilling  in  a  current  of  steam.  It  forms  a  light 
yellowish  liquid  smelling  strongly  of  bitter  almonds,  boiling  at 
205®,  and  crystallizing  in  needles  at  3°.  It  is  manufactured  on  a 
large  scale  as  a  step  in  the  manufacture  of  aniline,  and  pharma- 
ceutically,  under  the  name  of  **  mirbane  oil,"  as  a  basis  of  toilet 
preparations,  soaps,  etc.,  because  of  its  characteristic  odor.  It 
is  poisonous. 

Dinitro-benzenes,   C^^{NO^^,  are  formed  when  benzene  is 
added  to  a  mixture  of  equal  volumes  of  concentrated  nitric  and 
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sulphuric  acids  and  the  mixture  heated  to  boiling.     All  three 
isomers  are  solid  and  crystallizable. 

Nitro-toitienes,  C^H4(CHj)NOg. — When  toluene  is  acted  upon 
by  strong  nitric  acid,  the  ortho-  and  paranitro-toluenes  are 
formed,  the  meta  compound  being  absent,  although  obtainable 
by  indirect  means.  By  boiling  with  fuming  nitric  acid  the  nitro- 
toluenes  are  changed  into  dinitro-toluenes. 

Commercial  benzene,  being  always  a  mixture  of  benzene  and 
toluene,  yields  on  nitration  a  mixture  of  nitro-benzene  with  the 
several  nitro-toluenes  above  mentioned. 

The  presence  of  a  halogen  atom  replacing  an  atom  of  hydrogen 
in  the  benzene  nucleus  does  not  interfere  with  the  nitration,  so 
that  compound  derivatives  are  easily  formed.  Thus,  chloro-ben- 
zene  is  readily  nitrated,  and  yields  three  isomeric  chloronitro- 
benzenes. 

A  derivative  of  this  character  is  trinitrochloro-benzene,  C^H,-  —  ^, 
(NOj)3.Cl,  which  acts  like  an  acid  chloride,  and  corresponds  to  <i:^:3c 
CeHa(N0a)30H,  the  so-called  **  picric  acid"  (see  Trinitro-phenol,  «  X^l, 
or  Picric  Acid). 


V.    Amido  Derivatives  of  the  Benzene  Hydrocarbons. 

In  studying  these  compounds  it  is  necessary  to  remember  that 
they  can  be  looked  at  from  two  points  of  view  :  first,  as  benzene  ^^  ^ 
in  which  one  or  more  atoms  of  hydrogen  of  the  nucleus  are  re-  —  ^ 
placed  by  the  group  NH^,  or  as  ammonia  in  which  one  or  more 
hydrogen  atoms  are  replaced  by  the  radical  C^H^,  or  similar  aro- 
matic hydrocarbon  radical.  Thus,  C^H^NH,  is  called  amido- 
benzene  when  looked  at  from  the  first  point  of  view,  or  phenyl- 
amine  when  looked  at  fi'om  the  second  point  of  view,  and  con- 
sidered as  analogous  to  methylamine,  CHg-NH,,  Moreover,  just 
as  we  had  secondary  and  tertiary  amines  like  dimethylamine  and 
trimethylamine,  so  we  have  diphenylamine  and  triphenylamine. 
We  have,  also,  the  classes  of  monamines  and  diamines  accordinj 
as  one  or  two  molecules  of  ammonia  are  taken  as  the  basis  of 
placement.  The  amido  group  NH,  can  also  replace  hydrogei 
of  the  side-group  in  the  homologues  of  benzene. 

In  the  accompanying  tables  we  have  indicated  first  the  pri- 
mary amines,  which,  containing  the  group  NH,,  may  also 
called  amido  compounds,  and  then  compared  with   these  thi 
secondary  and  tertiary  amines,  containing  NH  and  N  respcctivelj 
combined  with  aromatic  radicals. 
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L    TABLE  OF  PRIMARY  AMINES.    AROMATIC  AMIDG- 

DERIVATIVES. 


Fton  Benzene. 

From  Toluene. 

From  Xylene. 

From  Pseudo* 
cumene. 

C^H..NH.,  Ani- 
line, b.  p.  183®. 

CeH4(CH8). 
NHj,  Tolui- 
dines :  o-  h.  p. 
199^  m-  2oo^ 
/^I98«. 

dines ;  six  iso- 
mers. 

C«Ho(CH8)8- 

NH,,  Pseudo- 
cumidine. 

C.H4(Nq,).- 
NHt,  Nitrani- 
lines. 

CaHk.  (  ch«.- 
NH,),  Benzyl- 
amine. 

NHA  Phen- 
eth3flaniine. 

Phenylenedi- 
amine. 

c,hjch^. 

(NH,),,  Toluyl- 
enediamine. 

T'namicfe-Deii- 
zene. 

II.    TABLE  OF  SECONDARY  AND  TERTIARY  AMINES. 


Secondary. 


Tertiary. 


(CeH0)2.NH,  Diphenylamine. 


(CeH5)8N,  Triphenylamine. 


Basic  Substituted  Amines. 


OH5.NH.CHa.  Methyl-aniline. 
C-H5.NH.C.He,  Ethyl-aniline. 
(CeH/),N.NO,  Nitrosodiphenyl- 


amine. 


CeH5.N(CH8)a»  Dimethyl-aniline 
CeHoNiCaH.U,  Diethyl-aniline. 

CeH4(NO).N(CH8^a.  Nitrosodi- 
methyl-aniline. 


Acid  Substituted  Amines  (Anilids). 


C8H8.NH(CjJI.O).  Acetanilid. 
( C^H.-  NH  ),CO,  Carbanilid. 
(C8H8NH)(NH8)CS,   Phenyl- 
sulphurea. 


CeH5.N(CH3)(CaH30),  Methyl- 

acetanilid. 
(CeH6.N)CO.  Phenyl-cyanate. 
(CeHgNiCS,  Phenyl  mustard  oil. 


I 
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I.  Primary  Monaminea. — This  most  in 
formed  most  readily  by  the  reduction  of  the  < 
compounds  in  acid  solution,  as  already  mentli 
process  used  in  the  technical  manufacture  of  ai 
logues.  If  a  dinitro  compound  is  taken,  we 
ti^  reduction  a  nitro-amido  compound,  such  i 
mary  monamines,  with  the  NH,  groups  in  t 
benzylamine,  are  formed  differently.  These  r« 
of  ammonia  upon  such  halogen  derivatives  as  < 
in  the  side-group:  C,H,.CH,a  +  NH,  = 
HCl. 

The  determination  as  to  whether  the  amid< 
tached  to  the  nucleus  or  to  the  side-group  < 
of  two  reactions  :  first,  only  those  with  the  i 
side-chain  result  by  the  action  of  ammonia  up 
tive  of  a  hydrocarbon ;  second,  only  the  pr 
the  NH,  group  in  the  nucleus  are  changed  I 
diazo  compounds,  according  to  the  reaction 

C,H,NH8.HC1    +    HNO,  =    C.Hg-N^N 

Aniline  Hydrachlan(«.  Diiio-bcnicne  C 

Two  other  characteristic  and  important  re; 

amines  may  be  mentioned.     By  the  action  of 

drides  u(x>n  these  amines  the  hydrogen  of  th 

pLiced  by  an  add  radical.    These  compounds 

C,H,NH,    +    CHgCOOH    =    C,HBNH(Cf^ 


With  t.-hlorofumi  and  alcoholic  potash  solution 

vrf  the  ln-nienc  series,  just  as  those  of  the  mi 

thtr  ft^.irful -smelling  carbylamines  (isonitriles) : 

r,H,NH,  +  CHCl,  +  3KOH  =  C,He-NC  ■ 

.itu'i't^  ^ A uiido- benzene  or  Phenylamine] 
first  I'biainwl  in  1826  from  the  dry  distillatioi 
jjui'si-  am'iX  It  is  also  contained  in  coal-ta 
t\it.'rK-s^<.  I'ily  liquid,  turning  yellow  or  brow 
the  j'.r.  PiK-ist'sses  a  weak  but  peculiar  odor. 
soliilitii-s  .it  — S*.  It  has  no  action  upon  IJlr 
Ki-j.'.  It  is  piiisonous,  and  is  a  good  solvent  fo 
liko  indii;i.  ami  sulphur.  Unites  like  ammonia 
In  ^«-i.i<  u.  lorm  Bidts  like  C,H,.NH,.Ha  J 
J  LSD.. 
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Small  quantities  of  aniline  in  solution  are  recognized  by  the 
action  of  a  solution  of  bleaching  powder,  which  gives  a  violet 
color  transient  in  character.  A  solution  of  aniline  in  concentrated 
sulphuric  acid  is  first  colored  red  and  then  deep  blue  by  a  grain 
of  potassium  bichromate.  A  solution  of  KgCrgO,,  on  the  other 
hand,  in  acid  solution  of  aniline  sulphate  produces  a  dark-green 
color,  which  in  the  end  gives  a  precipitate  of  aniline  black.  The 
aqueous  solution  of  aniline  sulphate  colors  paper  pulp  made  from 
wood-fibre  intensely  yellow.  This  is  used  as  a  test  for  wood- 
pulp  in  paper. 

Substituted  Anilines, — ^The  modification  of  the  aniline  mole- 
cule may  arise  fi"om  the  replacement  of  hydrogen  of  the  nucleus 
by  replacing  groups,  or  by  the  replacement  of  the  hydrogen  in 
the  amido  group  NH,. 

a.  Substituted  Anilines  with  Replacement  in  the  Nucleus. — 
We  may  have  according  to  theory  three  isomeric  chloro-,  bromo-, 
or  lodo-anilines.  These  are  of  no  present  importance.  We  may 
have  also  three  isomeric  Nitranilines,  CaH4(NOa)NHj.  These 
all  crystallize  in  yellow  needles  or  prisms,  readily  soluble  in  alco- 
hol, but  only  slighdy  soluble  in  water.  They  go  into  the  phenyl- 
enediamines,  C^H^C  NHg)g,  on  reduction.  They  are  also  con- 
verted into  nitrophenols  when  boiled  with  alkalies,  ammonia  being 
liberated. 

Afnidobenzene-sulphanic  Acids y  C^H4(HS03).NHa. — By  heat- 
ing aniline  with  fuming  sulphuric  acid,  as  well  as  by  the  heat- 
ing of  aniline  sulphate  to  185°  to  200°,  the  para  acid,  known 
as  Sulphanilic  Acid,  is  formed.  It  crystallizes  with  one  mole- 
cule of  water  in  somewhat  difficultly  soluble  rhombic  tablets. 
The  meta  acid,  known  as  Metanilic  Acid,  finds  application, 
as  well  as  the  sulphanilic  acid,  in  the  manufacture  of  azo  dye- 
colors. 

b.  Substituted  Anilines  with  Basic  Groups  in  Side- Chain, — 
By  the  action  of  aniline  chlorhydrate  and  an  alcohol  we  have 
formed  such  compounds  as  : 

Methyl-aniline y  C^Hg.NHCCHg),  which  is  lighter  than  water, 
and  has  an  odor  like  that  of  aniline,  but  stronger  and  more 
aromatic. 

Dimethyl-aniline,  C^Hg.NCCHg^g,  is  an  oil  of  sharp  odor, 
solidifying  at  0.5®  and  boiling  at  192.6°.  When  oxidized  with 
mild  oxidizing  agents  it  is  changed  into  methyl  violet,  one  of  the 
aniline  dyes.  With  benzo-trichloride,  CgHg.CCla,  dimethyl  ani- 
Une  reacts  to  form  malachite  green. 
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c.  Substituted  Anilines  with  Acid  Groups  in  Side-Ouun, — 
These  are  also  known  as  Anilids.  They  are  formed  by  the  action 
of  acid  anhydrides  or  acid  chlorides  upon  aniline. 

Formaniltdy  QHg.NHCHCO),  is  obtained  by  the  rapid  disdlla- 
tion  of  93  parts  of  aniline  with  126  parts  of  crystallized  or  90 
parts  of  dehydrated  oxalic  acid :  CgO^H,  -f  C^H^.NHg  =^  H^O 
+  CO,  +  CeH^NH(HCO). 

It  forms  colorless  crystals,  melting  at  46^,  tolerably  easily  solu- 
ble in  water,  easily  soluble  in  alcohol.  Is  decomposed  by  dilute 
acids.  Used  for  both  external  and  internal  use,  as  a  local  anaes- 
thetic or  as  an  antipyredc. 

Acetanilid,  CeH|,.NH(C,H,0)  (Acctanilidum,U.S.P.).— 100 
parts  of  pure  aniline  and  100  parts  of  glacial  acetic  acid  are  boiled 
in  a  round-bottomed  flask  provided  with  inverted  condenser  for 
from  one  to  two  days,  until  a  drop  taken  out  for  tesdng  perfecdy 
solidifies  on  cooling,  or  undl  a  drop  added  to  dilute  caustic  soda 
solution  shows  no  free  aniline.  It  is  then  fractionally  distilled 
When  the  water  produced  in  the  reaction  has  distilled  off,  the 
temperature,  as  shown  by  the  thermometer,  rises  rapidly,  and  the 
Liebig  condenser  is  changed  for  a  straight  glass  tube,  not  cooled 
in  any  way,  as  otherwise  the  acetanilid  solidifying  in  the  tube  would 
cause  stoppage.  The  pure  substance  distils  at  295°,  and  solidi-  —  Mr 
fies  on  cooling.  It  may  be  recrystallized  out  of  boiling  water.  — "ar. 
It  forms  colorless,  odorless  scales,  neutral  to  test-paper,  mdting^^^^ 
at  112°,  and  boiling,  as  said,  at  295^.  Difficuldy  soluble  in  coldK^Jd 
water,  more  readily  in  hot  water,  readily  in  alcohol  and  ether.— ^:»  .r. 
Is  decomposed  by  hydrochloric  acid  into  aniline  and  acetic  aci 
Heated  with  dry  zinc  chloride  to  250**-270**  it  yields  **fla\'ani— 
line,**  Ci^Hj^Na,  a  dye-stuff,  dissolving  in  hydrochloric  add  wi 
moss-green  color.  First  introduced  under  the  name  of  **anti 
febrin,'*  and  largely  used  as  an  antipyretic  and  antineuralgia  I^  ^Hln 
some  cases  it  has  been  used  for  external  use  as  an  antiseptic. 

Para-bromacetanilid,  QH^BrNH(C,H,0),  has  been  used  ir  S:  m 
medicine  under  the  name  of  **  antisepsin"  or  *'asepsin.'" 

Methyl-aceianilid  (Exalgin),    QH^.NCCHaXCjHaO),    is 
made  by  the  acetylating  of  monomethyl-aniline  by  a  method 
ogous  to  that  described  for  acetanilid,  or  by  the  action  of  meth<^     t/ 
iodide  upon  sodium-acetanilid.     Forms  lai^e  oystalline  needle==^ 
difficultly  soluble  in  cold  water,  easily  soluble  both  in  dilute  am^rf 
concentrated  alcohol.     It  fuses  at  100®,  boils  between  240**  ar-»</ 
250°  without  decomposition,  and  then  solidifies  in  large  hair-lift^tf 
cr^'stals.     Has  been  used  as  an  antineuralgic* 
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Bemanilid,  C^H^-NHCC^HgCO),  is  formed  by  the  action  of 
benzoic  anhydride  or  benzoyl  chloride  upon  aniline.  Colorless, 
pearly,  lustrous  scales,  distilling  without  decomposition.  Insoluble 
in  water,  moderately  soluble  in  cold  alcohol,  more  readily  in  hot 
alcohol.     Used  as  an  antipyretic. 

Gaiianiiid,  CeHe.NH(CeH,(OH),CO).  —  Made  by  heating 
gallic  acid  with  an  excess  of  aniline  for  an  hour  to  150°.  The 
pure  compound  fuses  about  205°,  and  is  difficultly  soluble  in  cold 
water,  more  readily  soluble  in  hot  water,  soluble  in  alcohol  and 
ether.  Has  been  used  instead  of  pyrogallol  in  skin  diseases  for 
external  application. 

Toluidines^  QJA^Yi^^Yi^. — ^The  three  toluidines  are  formed 
by  the  reduction  of  the  three  nitro-toluenes.  Para-toluidine, 
which  is  solid,  and  ortho-toluidine,  which  is  liquid,  are  both 
present  in  coal-tar.  In  manufacturing  commercial  aniline  by  the 
reduction  of  commercial  nitro-benzene,  there  is  always  formed  a 
mixture  of  the  two  toluidines  with  aniline,  as  the  original  benzene 
is  contaminated  with  toluene. 

XylidineSy  CeH,(CH,)gNHa. — The  six  possible  isomeric  xyli- 
dines  are  all  known.  The  technical  xylidine  contains  several 
isomers,  and  is  largely  used  for  the  manufacture  of  azo  dye- 
stuffs. 

Benzylamine^  CeHgCHg.NHj,  is  isomeric  with  the  toluidines. 
A  colorless,  basic  liquid,  boiling  undecomposed.  Formed  most 
readily  by  heating  benzyl  chloride,  C^Hg.CHgQ,  with  acetamide, 
NH3(C,H30),  when  the  acetyl  derivative  is  formed,  from  which 
the  base  may  be  obtained. 

a.  Secondary  Monamines. — ^We  have,  as  the  first  repre- 
sentative of  this  dass : 

Diphenylcanine^  (C^Hg^NH,  which  is  obtained  technically  by 
heating  aniline  chlorhydrate  with  aniline  under  pressure  : 

CeHeNH,.HCl    -f    CoHc-NH,    =    CeHc.NH-CeHe    +    NH^CL 

It  forms  white  scales,  with  an  agreeable  odor  of  flowers,  and  a 
burning  aromatic  taste  ;  hardly  soluble  in  water,  easily  soluble  in 
alcohol,  ether,  and  petroleum  naphtha.  A  solution  of  diphenyl- 
amine  in  concentrated  sulphuric  acid  is  colored  intensely  blue  by 
traces  of  nitric  or  nitrous  acids,  and  hence  is  used  for  this  purpose 
m  water  analysis. 

The  hexanitro  derivative  of  diphenylamine,  CiaH5(NOa)eN, 
acts  as  a  weak  acid.  Its  ammonia  salt  is  a  yellow  dye-stuff,  known 
as  **aurantia."     Methyl-aniline  and  acetanilid  and  related  com- 
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pounds  already  considered  may  also  be  ranked  as  secondary 
monamines. 

3.  Tertiary  Monamines. — The  only  compound  to  mention 
here  is : 

Triphenylamine^  N(C,H5)3, — It  forms  large  leaflets,  melting 
at  127°. 

4.  Diamines  and  Triamines. — ^The  diamines  may  be  formed 
by  several  reactions,  the  simplest  of  which  is  the  reduction  of  the 
dinitro  compounds.  The  three  isomeric  compounds  may  be  dis- 
tinguished fix>m  each  other  by  characteristic  reactions  ;  thus,  the 
meta  diamines  with  nitrous  add  give  rise  to  a  class  of  yellowish- 
brown  azo  dye-stuffs  : 

2C«H4(NHa>,    +    HNO,    =    Cx,HmN5    -f    aH.O; 

Metaphenylene-diamtne.  Bismarck  Brown. 

and  the  paradiamines  when  reduced  with  HgS  and  then  oxidized 
yield  \iolet  or  blue  sulphur-containing  dye-stuffs  of  the  methylene- 
blue  class. 

Metaphenylene'diamine^  QH4  ]  nh't-iV  forms  crystals  melting 

at  63°  and  boiling  at  276**-277** ;  difficultly  soluble  in  water,  easily  "'^O 

in  alcohol  and  ether.     As  traces  of  nitrous  acid  produce  the  ^ ' 

reaction  given  above  with  the  formation  of  a  yellow  dye,  it  con-  — ^ 
stitutes  a  very  delicate  test  for  nitrous  add. 

Paraphenylene-diamine^  QH^  \  ^y^  >^<,  forms  tablets  fiising       "JSi] 

at  140°  and  boiling  at  267**.  When  oxidized  with  ferric  chloride  ^fi 
or  manganese  oxide  and  sulphuric  add,  quinone,  C^H^O,,  is  stiv^ 
formed. 

TohiyletU'diamines,  C^H3(CH3)(NH,)j,  and  XylyUne-dia" 
minesy  CeHg(CH3)a(NHg)g,  are  also  known  and  used  in  the 
manufacture  of  dye-colors. 

TriamidO'benzene,  C3H3(NH,)3,  and  Tetramido-bemene,  C^H,-  — ^  \- 
(NHj)^,  are  representatives  of  triamines  and  tetramines  re ^re- 
spectively. 

More  special  mention  of  the  important  dye-colors  which 
derived  from  the  amines  will  be  found  under  triphenyl-methan< 
in  a  later  section. 

VI.     DiAzo  AND  Azo  Compounds.    Hydrazines. 

Both   the  diazo  and  the  azo  compounds  contain  the  dyaiL^    d 
group  — N=:N— .      In  the  diazo  compounds  this  group  link  — i;^ 
together  a  hydrocarbon  radical  and  an  add,  in  the  azo  compound^K 
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it  links  together  two  hydrocarbon  radicals,  as  C^H^— N=N— CI, 
diazo-benzene  chloride,  and  C^H^ — N=N — C^Hg,  azo-benzene. 

I.  Diazo  Compounds. — This  class  is  of  very  great  scientific 
and  technical  interest,  and  its  study  has  led  to  the  discovery  of 
the  very  numerous  group  of  azo  dye-colors,  compounds  formed 
by  the  reaction  of  the  diazo  bodies  with  the  phenols  and  the 
amines. 

To  understand  these  diazo  bodies  let  us  compare  the  action  of 
nitrous  acid  upon  the  primary  amines  of  the  methane  series  and 
the  benzene  series  respectively.  The  former  are  converted  into 
alcohols  without  the  formation  of  intermediate  products,  accord- 
ing to  the  reaction : 

C,H5.NH,    +    NOOH    =    CaHa.OH    +    Ng    +    HjO. 

The  latter  can  undergo  an  analogous  change,  but  there  result 
in  their  case  well-characterized  intermediate  products,  these  so- 
called  diazo  compounds.     Thus : 

C«He.N;H^:N08    =    CeH5.N=N.N03    +    2HaO. 

NiOgH  I  Diazo-benzene  Nitrate. 

This  reaction  is  carried  out  in  the  cold,  in  fact  in  a  carefully- 
cooled  solution.     If  the  solution  is  warmed,  the  reaction  goes, 
on  to  the  end  result  indicated  with  the  other  class  of  amines  and 
a  phenol  is  formed  : 

CgH5.N=N.N08    +    H.OH    =    CeHc.OH    -f    Ng    -f    HNOa- 

Just  as  the  salts  of  the  primary  monamines  when  treated  with 
nitrous  acid  yield  the  diazo  compounds,  so  when  primary  dia- 
mines are  treated  with  nitrous  acid  we  obtain  teirazo  compounds^ 
also  of  great  value  as  dye-stuffs,  particularly  for  cotton  dyeing. 

Besides  the  reaction  whereby  on  heating  in  solution  the  diazo 
compounds  decompose  with  the  formation  of  a  phenol,  we  have 
a  second  equally  important  one.  When  their  salts  are  heated 
with  alcohol  they  are  changed  into  the  corresponding  hydrocar- 
bons with  liberation  of  nitrogen  : 

CeH5.N=N.CI   -f   CgHaOH    =    CeHe    -f    Ng    4-    HCl    +    CaH^O. 

By  means  of  these  two  reactions  it  is  possible  to  change  from 
an  amido  compound  into  either  a  phenol  or  back  to  the  original 
hydrocarbon.  Hence  their  great  importance  in  the  synthetic 
work  of  organic  chemistry.  The  salts  of  the  diazo  compounds 
are  mostly  colorless  crystalline  bodies,  which  are  explosive  in 
dry  condition  and  decompose  on  strong  heating  of  their  aqueous 
solutions. 
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DiazO'baizene    Chloride^    C^H5.N=N.C1. — Stable    only    in 
solution. 

Diazo-benzetie  Nitrate^  C^H^N^^N.NOg. — Colorless  needles, 
very  explosive. 

Diazo-benzene   Sulphate^    C^H5N=N.HS04. — Prisms   which 
explode  at  i6o°. 

The  free  diazo-benzene,  C,H5N=N — (OH),  is  a  heavy  oil  of  ^i^f 
yellow  color  and  aromatic  odor,  which  decomposes  easily  with  -«-!!  Ji 
liberation  of  nitrogen. 

2.  Azo  Compounds.— While  the  reduction  of  nitro  com-  —  ^rn' 
pounds  in  acid  solution  leads  to  the  aromatic  amines,  the  use  of  ^j^of 
alkaline  reducing  agents,  such  as  sodium  amalgam,  zinc-dust  ^^f^t 
and  caustic  soda,  and  potash  and  alcohol,  gives  rise  to  inter —  -» -r- 
mediate  products.  The  connection  of  these  with  the  starting — 
point  nitro-benzene  and  the  end  product  aniline  is  shown  in  th< 
following  formulas : 

P  TT      XT  C0H5 — N        C0H5 — NH 

CeH5— IS  CeH«— N        C^Ha— NH 

Azoxy-benzene.        Azo*benzene.      Hydrazo-benzene. 

These  three  intermediate  classes  are  usually  grouped  togethe^-^s^  ier 
under  the  general  name  of  azo  compounds. 

From  azo-benzene,  C^Hg — N=N— C^H^,  may  be  obtainec^-^^ed 
two  important  classes  of  colored  derivatives,  which  are  of  grea  -^^=sat 
value  under  the  name  of  azo  dye-colors.  By  the  introduction  dk^^z^oi 
the  amido  group  in  the  place  of  a  hydrogen  atom  we  obtain  th»  ^~^he 
amido-azo  compounds  like  C^Hg.N^N.C^H^NH,,  amido-azo^m^^^ 
benzene  ;  by  the  introduction  of  the  hydroxyl  group  in  the  plac#:^:>-*ce 
of  a  hydrogen  atom  we  obtain  the  oxyazo  compounds  lik»:SJ^ke 
CgHg.  N=N — C^H^COH),  oxyazo-benzene.  These  are  formed  re^^'"*^ 
spectively,  as  mentioned  on  p.  701,  by  the  action  of  an  amine  upoix  ^n^^^ 
the  diazo  compounds  and  the  action  of  a  phenol  upon  the  same.  — '^^  ^* 

Most  of  these  azo  dyes  are  insoluble  in  water,  but  all  can  b^^^^  ^ 
converted  by  the  action  of  strong  sulphuric  acid  into  the  coi 
sponding  sulphonic  acids,  and  both  these  and  their  alkaline 
are  soluble  in  water. 

The  dyes  which  are  derivatives  of  amidoazo-benzene  are  terme<^- 
*'  Chrysoidines,'*  and  those  which  are  derivatives  of  oxyazo-benc^^  '''' 
zene  are  termed  **Tropae61ines." 

3.  Hydrazines. — The  aromatic  hydrazines,  like  those  in  th^     '^ 
methane  series,  are  derivatives  of  hydrazine,  NH, — NHg,  forme-^^^^ 
by  the  replacement  of  the  hydrogen  atoms  by  alcohol  radicals. 
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case  where  the  OH  group  replaces  a  hydrogen  atom  of  th 
nucleus  and  where  it  replaces  a  hydrogen  atom  of  the  side — 
group.  In  the  former  case  the  compounds  are  called  phenols^ 
and  in  the  latter  aromatic  alcohols.  As  the  latter  contain  th 
group  — CHj.OH  characteristic  of  primary  alcohols  (see  p.  571), 
they  can  be  oxidized  to  aldehydes  and  acids,  while  the  former 
which  are  more  like  tertiary  alcohols,  cannot  be  oxidized  withoui 
entire  decomposition  of  the  molecule. 

According  to  the  number  of  the  OH  groups  introduced  in  pla 
of  hydrogen   of  the   nucleus,  we  have  monatomic,   diatomic 
triatomic,  etc.,  phenols. 


TABULAR  VIEW  OF  THE  MORE  IMPORTANT  PHENOLS. 


Monatomic. 


C«H5.0H,  Phenol,  m. 
p.  42®,  b.  p.  181°. 


C«H4(CH8).OH,    Cre- 
sols,  a- 3i**-i88**,  m- 


CeHJCH3)aOH,  Xyle- 
noTs. 


CeHa(CH8)80H,  Pseu- 
do-cumenols. 


CeH(CH8)4.0H,     Du- 

renols. 
Isomeric  with  these  are: 
C^3(CH3)0C8H7).OH, 

Thymol,  Carvacrol. 


Ce(CH3)50H,      Penta- 
methyl-phenol. 


Diatomic. 


CpH4(OH)a,  Dioxy- 
benzenes:  o-  =  Pyro- 
catechin,  io4®-245® ; 
!«-=  Resorcin,  118®- 
280**;  p-  —  Hydro- 
quinone,  169**. 


CeH3(CH3).(OH)^  Di- 
oxytoluenes :  1:3:5 
=  Orcin,  io7**-288®; 
1:3:4  =  Homopyro- 
catechin. 


C,H.(CH8)«(OH),. 
Xylorcin. 


CjH(CH^)a.(OH)» 
M< 


lesoran. 


Tetratomic  Phenota. 


C«Ha(OH)4,  Tetraoxy- 
benzene. 


Triatomic. 


CmHsIOH)^,       Triox 
benzenes  :  t'-  =  Pyn 
gallol,  ii5**-2io®; 
=  Oxyhydroquinon 
140.5**;  s-   =   Phloi 
glucin,  217**. 


CeH,(CHa)(OH)8,  M. 
thyi-pyrogalloL 


Hexatomic  Pbeadlt. 


C-(OH)e,  Hexaox; 
oenzene. 


The  phenols  in   chemical  character  stand  between  the 
alcohols  and  the  organic  acids.     They  combine  to  form  mix«— -' 
ethers,  like  anisol,  C3H5.OCH3,  or  esters,  like  phenyl-sulphur    ^^ 
acid,  CgHft— OSO3H.     At  the  same  time  they  have  the  charact^^      ^ 
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weak  acids,  and  form  salts  with  the  metals,  like  C^Hg.ONa, 
lium-phenol.  The  acid  character  is  notably  increased  by  the 
trance  of  NO,  groups,  as  in  trinitro-phenol  (picric  acid), 
pM,(N0a)3.0H. 
f  henols  are  formed  by  the  dry  distillation  of  many  organic 
lz)stances.  Thus,  phenol  and  cresol  and  their  homologues  are 
L^nd  in  coal-tar  and  in  various  wood-tars.  They  are  also  formed 
-a^K'tificially  by  numerous  reactions,  among  which  may  be  men- 
ti<::med  : 

:■.  By  the  fusion  of  the  sulpho  acids  of  the  aromatic  hydrocar- 
l><z>iis  with  caustic  potash,  CeH5HS03  + 2K0H  =  CeH5.0H + 
SOj  +  HaO. 

2.  By  the  action  of  nitrous  acid  upon  the  amido  compounds 
boiling  the  diazo  compounds  which  first  form  with  water. 
€  two  reactions  are  : 

(a)  CeHflNHaHCl  +  HNOj  -=  CeH5N-=N— CI  +  2HaO. 
(d)  C«H5.N=N.C1  -h  HgO  -=  CeH5.0H  +  Nj  +  HCl. 

By  the  dry  distillation  of  the  aromatic  phenol-acids  (oxy- 
^is)  either  with  or  without  lime  ; 

C,Ha(OH)8.COOH    =    CeH3(OH)8    -f    COj. 

Gallic  Acid.  Pyrogallol. 

^\mong  the  most  characteristic  reactions  of  the  phenols  may 

mentioned : 
^.  The  formation  of  the  several  classes  of  derivatives  already 
^rred  to,  in  which  the  H  of  the  hydroxyl  is  replaced, — viz., 
^nolates,  phenol-ethers,  and  phenol-esters. 
^.  The  formation  of  substitution  compounds  in  which  hydrogen 

the  nucleus  is  replaced  by  chlorine,  bromine,  nitro,  or  sul- 
^jnic  group. 

The  sodium  and  potassium  phenolates  unite  with  COj,  when 

ted  under  pressure,  to  form  salts  of  oxyacids  : 

CeHaONa    -f    CO,    =    CeH4(OH)COONa. 

Sodium  Phenol.  Sodium  Salicylate. 

Many  phenols  give  characteristic  colors  when  ferric  chloride 
added  to  their  neutral  solutions.  Thus,  with  ferric  chloride 
enol  and  resorcin  give  a  violet  color,  pyrocatcchin  a  green 
or,  orcin  a  blue-violet,  and  pyrogallol  a  red  color. 
K.  Monatomic  Phenols. — From  benzene  but  one  monatomic 
enol  is  derived. 
^henol^  C^Hg.OH  (Acidum  Carbolicum,  U.  S.  P.),  was  dis- 
in  1834  *"  coal-tar.     It  is  found  in  the  urine  of  herbivora 
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and  of  man  (as  phenyl-sulphuric  acid),  in  castoreum,  in  bone  oi5 
and  in  coal-  and  wood-tar.     It  forms  colorless,  crystalline  needle^ 
fusing  at  42°,  and  boiling  at  181°.     A  small  percentage  of  wat^ 
liquefies  the  crystals  and  keeps  it  in  liquid  condition.     It  is  soL^ 
ble  in  15  parts  of  water  at  ordinary  temperatures,  easily  solut::: 

m  hot  water,  in  alcohol,  ether,  glycerin,  fixed  oils,  potash,  a 

ammonia  ;  has  a  strong  and  characteristic  odor,  burning  tas^^ 
and  caustic  action  on  the  skin.     It  is  a  strong  antiseptic,  eveix 
the  impure  state  (Acidum  Carbolicum  Crudum,  U.  S.  F\^ 
when  it  contains  considerable  cresols  and  higher  phenols. ,  Ferric 
chloride  colors  it  even  in  dilute  solution  violet     Bromine  water 
causes  a  white  precipitate  of  tribrom-phenol.     It  unites  with  the 
alkalies  and  other  bases  to  form  the  so-called  *'carbolates,"as 
CeH^-ONa. 

A  number  of  important  derivatives  of  phenol  are  known. 

Both  chlorine  and  bromine  readily  form  substitution  com- 
pounds with  phenol,  such  as  Trichlor-phenol^  C^H^CIyOH, 
and  Tribrom-phenol^  QJi\fiv^OW,  Both  of  these  are  dis- 
tinguished by  their  antiseptic  and  healing  power,  and  have 
been  recommended  in  medicine.  The  former  is  a  gas  of  sharp, 
penetrating  odor,  and  the  latter  is  a  white,  crystalline  solid, 
melting  at  95°. 

Nitro  Phenols, — Mono-  and  dinitro-phenols  are  known,  but 
the  only  important  compound  to  note  is  triniiro-phenol  (or  picric 
acid).  This  is  formed  by  the  action  of  fuming  nitric  acid  upon 
many  organic  substances,  such  as  indigo,  silk,  leather,  wool,  etc 
It  is  ordinarily  prepared  by  the  nitration  of  phenol  in  the  pres- 
ence of  strong  sulphuric  acid.  It  crystallizes  out  of  water  or 
alcohol  in  pale-yellow  scales,  and  out  of  ether  in  prismatic  needles, 
which  have  a  bitter  taste.  It  melts  at  122.5®,  and  can  be  sub- 
limed without  decomposition,  but  on  rapid  heating  it  is  instantly 
decomposed  with  slight  explosion.  It  is  an  important  yellow 
dye.  Its  salts  are  beautifully  crystallized,  but  very  explosive 
when  heated  or  struck.  The  potassium  and  ammonium  salts  are 
used  in  various  explosive  mixtures.  Picric  acid  also  forms  wefl- 
cr^'stallized  addition  compounds  with  many  of  the  higher  hydro- 
carbons, as  naphthalene  and  anthracene. 

Amido  Phenols  are  formed  by  the  reduction  of  the  correspond- 
ing nitro  phenols.  From  para-amido-phenol,  CeH4(0H)NH,i 
several  important  derivatives  are  obtained.  The  ethyl  ethers  01 
the  amido-phenols  are  called  "  phenetidins."  From  the  pari" 
amido-phenol  just   mentioned  we  obtain  then  para-phenetidin. 


AROMATIC  COMPOUNDS  WITH   ONE  NUCLEUS.  707 

{OC  H 
Ntf    *•     ^^^^  ^^  ^s  treated  with  glacial  acetic  acid  the 

acetyl  group  is  introduced,  and  we  obtain  acetpara-phenetidin^ 

{OC  H 
j^t/J-p^tj  Qy  which  has  been  brought  into  medical  use 

under  the  name  of  **  phenacetin.**  It  forms  white,  lustrous  crys- 
tab,  without  odor  and  almost  without  taste,  melting  at  135°.  It 
is  difiiculdy  soluble  in  cold  water,  more  readily  soluble  in  alcohol. 
Phenacetin  is  one  of  the  best  known  of  the  newer  antipyretics 
and  antineuralgics. 

Related  to  phenacetin  are  "phenocoll,*'  which  is  glycocoU- 

{OC  H 
NrfcbcH  NH  '^^^  commercial  preparation 

being  the  chlorhydrate,  and  "  methacetin* '  or  para-acetanisidin, 
P„    fOCH, 

Phenoi'Sulphonic  Acids  are  formed  by  the  action  of  concen- 
trated sulphuric  acid  upon  phenol  at  low  temperatures.  The 
ortho-phenol-sulphonic  acid  is  used  in  33^-per-cent.  solution  as 
an  antiseptic,  under  the  name  o^  **aseptor*  or  **sozolic  acid." 
On  keeping,  Jt  gradually  changes  into  the  isomeric  para-phenol- 
sulphonic  acid,  which  change  is  also  readily  effected  by  heating 
its  solutions.  The  para  acid  yields  well-crystallized  salts,  two  of 
which  are  well  known  in  medicine.     The  sodium  salt, 

CeH^jgQ  j^^+2H,0  (Sodii  Sulphocarbolas,  U.S.P.),  forms 

colorless,  rhombic  prisms,  odorless,  and  with  a  cooling,  saline 
and  slightly  bitter  taste.  The  zinc  salt,  Zn{C^\l^SO^^  +  2HgO, 
which  IS  official  in  the  British  Pharmacopoeia,  forms  colorless, 
tabular  efflorescent  crystals.  By  the  action  of  a  mixture  of  po- 
tassium iodide  and  iodate  upon  the  para-phenol-sulphonic  acid 
is  obtained  the  potassium  salt  of  diiodo-para-phenol-sulphonic 
acid,  which,  along  with  other  salts  of  the  same  acid,  has  been 
introduced  into  medicine  under  the  name  of  **soziodor*  com- 
pounds. They  are  used  as  antiseptics  and  substitutes  for  iodo- 
form for  external  use. 

Anisol  (phenyl-methyl  ether),  QHg.OCHg,  and  Phenetol 
(phenyl-ethyl  ether),  CeHg.OCjH^,  are  obtained  by  heating  phe- 
nol and  caustic  potash  with  either  methyl  or  ethyl  iodide  in  alco- 
holic solution.  They  are  liquids  of  ethereal  odor,  the  former 
boiling  at  152**,  and  the  latter  at  172°. 

Cresols,  C^JiCH^OWy  are  the  first  homologues  of  phenol. 
All  three  of  these  compounds  are  present  in  coal-tar,  and  are  also 
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contained  in  the  tar  from  pine  and  beech  wood.     Crude  carb^cDi 
acid  always  contains  a  mixture  of  these,  known  technically-^     ^ 
* '  cresylic  acids. '  *     Ortho-cresol  is  found  in  the  form  of  its  ^k/. 
phuric  ester  in  the  urine  of  horses  ;  para-cresol  is  produced    by 
the  decay  of  albumen  (tyrosin),  and  is  found  in  human  urine. 
Its  dinitro  compound  is  a  golden-yellow  dye,  which  is  used  as 
ammonium   or   potassium   salt  under  the   name  of  **  Victoria 
orange. ' '     Meta-cresol  is  said  to  be  the  most  powerful  antiseptic, 
exceeding  phenol  in  power,  but  is  much  more  poisonous.    A 
derivative  of  this  latter  is  the  triiodo-meta-cresol,  C,Hl3(CH3)0H, 
introduced  into  medicine  under  the  name  of  **losophan." 

Thymol,  U.S.  P.,    is  para-propyl-meta-cresol,    C,H,.CH,.- 

OH.C3H7.  It  is  a  phenol  found  naturally  occurring  in  a  number 
of  essential  oils.  It  forms  large,  colorless,  translucent  crystals, 
with  an  aromatic,  thyme-like  odor  and  pungent,  aromatic  taste. 
It  melts  at  SO^'-Si®,  and  boils  at  228°-230°.  When  triturated 
with  equal  quantities  of  camphor,  menthol,  or  chloral  hydrate, 
it  liquefies.  It  is  difficultly  soluble  in  water,  readily  soluble  in 
alcohol,  ether,  or  chloroform.  A  derivative  of  thymol  is  dithy- 
moldiiodide,  CjoHji^Oglj,  which  has  been  introduced  into  medi- 
cine under  the  name  of  *  *  aristol."  It  is  a  light,  chocolate-colored 
powder,  almost  without  odor  or  taste,  and  is  used  as  a  substitute 
for  iodoform. 

Isomeric  with  thymol  is  carvacrol^  which  is  para-propyl-ortho- 

13  4 

cresol,  C3H3.CH3.OH.C3H7.  It  is  present  in  oil  of  Origanum 
hirtum,  and  may  be  prepared  by  heating  camphor  with  iodine. 

Xyknols,  C3H3(CH3)30H.  —  Of  the  six  possible  isomers, 
w-xylenol  is  found  in  the  creosote  of  beech-wood  tar. 

2.  Diatomic  Phenols. — These  compounds  containing  two 
hydroxy  I  groups  are  formed  by  methods  analogous  to  those  given 
for  the  monatomic  phenols,  especially  by  the  method  of  fason 
of  the  sulphonic  acids  with  potash. 

Pyrocatechin,  €31^4(01^)3,  is  the  ortho  compound.  It  was 
first  formed  by  the  dry  distillation  of  catechin  (mimosa  catedm). 
whence  the  name.  It  is  present  in  small  amounts  in  human  urine, 
and  is  formed  by  the  dry  distillation  of  wood,  by  heating  cane 
sugar,  cellulose,  and  starch  with  water  to  200^-280°.  It  is  also 
formed  by  the  fusion  of  many  resins  with  potash.  It  crystallines 
in  short,  rhombic  prisms,  which  can  be  sublimed,  and  are  readily 
soluble  in  water,  alcohol,  and  ether.  The  aqueous  solution  is 
colored  green  with  ferric  chloride  and  then  violet  by  ammona 
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Orcin.  CgH3(CH3)(0H),,  is  a  di ox y- toluene.  It  is  found  ia 
many  lichens  (^txr/Za  liiuloria,  Lecanora,  etc.).  It  is  formed 
when  aloes  are  luscd  with  cau^itic  potash,  and  can  be  made  syn-; 
ihciically  from  toluene,  by  fusing  iw-dibrom-toluene  with  potash  at 
280".  It  crj'Stallizes  in  colorless  prisms,  which  turn  red.  The: 
amnioniacal  solution  absorbs  oxygen  from  the  air,  and  yieldf, 
orcein,  C,H,NO,.  the  chief  constituent  of  commercial  archil  dye.' 
Related  to  this  Utter  coloring  mailer  is  also  litmns,  the  well-  ■ 
known  blue  vegetable  color. 

Hom0-pyro<ate<kin,  C,H,(CH,)(OH),.  is  an  isomeric  dioxy- < 
toluene.  Its  methyl-ether  is  creosol,  CgHjCCHj).  j  Qr-ii  one  of 
the  chief  constituents,  along  with  guaiacol,  of  the  creosote  of 
beech -wood -tar. 

Eugenoi,  the  chief  constituent  of  oil  of  cloves,  is  the  methyl- 
ether'of  an  unsaturaied  phenol.  CaH,cOH),(CH,.CH=ClV. 

3.  Triatomic  Phenols.— Of  the  three  isomeric  trioxy-ben- 
zenes.  the  most  important  is  Pyrogallol,  CgHj^OH),  (Pyrogal- 
lol,  I).  S,  P.).  It  is  obtained  generally  by  the  dr)' distiilation  nf 
gallic  acid  :  CaH,(0H)aCO0H  =  C,H,(,6h  1,  +  CO,.  Itfonns 
light,  white,  shining  lamina:,  odorless,  and  wiih  a  bitter  tasie. 
Il  becomes  darker  on  exposure  to  air  and  light.  It  is  soluble  io 
water,  alcohol,  and  ether.  Ilssolutions,  especially  when  alkaline, 
absorb  oxygen  from  the  air  and  turn  brown  in  color.  Because 
of  this  reaction  it  is  used  in  gas  anal)-sis  to  absorb  free  oxygen 
from  gaseous  mixtures.  This  reducing  power  is  also  recogniied 
with  silver,  gold,  and  mercury  solutions.  It  is  largely  used  in 
photography  as  a  developer  because  of  this  power  of  reduction 
of  silver  salts.  Pyrogallol  also  combines  with  phlhalic  anhydride 
to  form  the  dye-color  "  gallein." 

PhhroglNcitt,  C,H,(OH),,  an  isomeric  trioxy-benzene,  is  pro- 
duced in  the  decomposition  of  phloretin,  a  glucoside,  and  by  the 
fusion  of  a  number  of  reans  (such  as  gamboge,  dragon's  blood, 
catechu,  and  kino)  with  caustic  potash.  It  is  also  obtained  *yn- 
iheiically  by  the  fusion  of  benzene-trisulphonic  acid  with  potasJi- 
It  forms  large  priians,  which  sublime  without  decomposition, null- 
ing at  SIS'*.  With  ferric  chloride  it  gives  a  dark- violet  coloratii'n. 
Phluroglucin  colors  a  pine  shaving,  moistened  with  hydrochloM 
acid,  red,  and  is  used  for  the  detection  of  lignin  or  wood-fibre  in 
paper,  etc. 

OxyhydrQ-4jKinone.  C,H,(OH\,  the  third  isomeric  trioxy-b«i- 
zene,  results  from  the  fusion  of  hydro-quinone  with 


ric  trioxy-b«i-  J 
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4.  Tctratomic  Phenols.— A  tetroxy-benzene,  CeHj(OH)^, 
has  been  prepared  from  succino-succinic  ether.  It  crystallizes  in 
yellow  needles,  and  is  stable  when  pure. 

5.  Pentatomic  Phenols. — As  hexahydro  derivatives  of  a 
pentatomic  phenol,  C,H(OH)5,  we  must  include  several  com- 
pounds which  at  one  time  were  considered  to  be  pentatomic  alco- 
hols, or  to  belong  to  the  carbohydrates. 

Quercite^  C^H^OH)^.!!^. — A  sweet-tasting  crystalline  principle 
extracted  from  the  oak.  It  forms  colorless  monoclinic  crystals, 
melting  at  235°. 

J^iniie,  C,H(OH)5.H^,  is  found  in  the  exudation  of  the  Cali- 
ibrnia  pine  (^Pinus  lambertiana).  It  forms  colorless  crystals, 
easily  soluble  in  water,  and  fusing  at  over  1 50°. 

Tnosite  (Phaseomannite),  C^HjgO^  +  2HgO,  is  found  in  small 
amount  in  the  muscular  tissue,  in  the  heart,  lungs,  liver,  spleen, 
kidneys,  and  brain  ;  the  urine  also  contains  inosite  after  abundant 
water  drinking. 

It  is  also  contained  in  plants,  as  green  beans,  peas,  lentils,  and 
g^pe  juice.  It  crystallizes  in  rhombic  plates,  which  crumble  in 
the  air.  Soluble  in  water,  insoluble  in  alcohol.  Melts  at  210°. 
It  has  no  reducing  power,  nor  is  it  fermentable. 

6.  Hexatomic  Phenols. — We  have  a  derivative  of  the  nor- 
mal hexaoxy-benzene,  C^(OH)g,  in  the  so-called  potassium  car- 
bon monoxide,  formed  in  the  distillation  of  metallic  potassium, 
which  has  the  formula  Ce(OK).  The  phenol  itself  has  also  been 
prepared  synthetically.  It  forms  small,  grayish -white  needles, 
which  acquire  a  reddish  color  on  exposure  to  the  air.  They  are 
not  fusible,  but  decompose  at  about  200°. 

Phenose  is  a  hexatomic  phenol  of  hexahydro-benzene,  and  has 
the  formula  C,He(OH)g.  It  has  been  obtained  by  the  action  of 
soda  solution  upon  the  hypochlorous  acid  addition  product  of 

{CI 
ir\\r\  '     It  is  an  amorphous,   readily  soluble, 

and  deliquescent  substance.  It  is  much  like  the  glucoses,  has  a 
sweet  taste,  and  reduces  Fehling's  solution,  but  is  not  capable  of 
fermentation. 

7.  Quinones. — This  term  is  applied  to  a  class  of  benzene  de- 
rivatives in  which  two  hydrogen  atoms  seem  to  be  replaced  by  two 
oxygen  atoms.  Not  only  benzene,  but  especially  the  condensed 
aromatic  hydrocarbons,  naphthalene,  anthracene,  phenanthrene, 
chrysene,  etc.,  when  oxidized  by  chromic  acid  in  glacial  acetic 
acid  solution,  yield  quinones.     They  are  formed  also  by  the  oxi- 


According  to  the  first  of  these  fof 
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dation  of  a  number  of  derivatives  of  benzene  in  » 
placing  groups  occupy  the  para  position.     Thus,  hydn 
(pa radi ox y -benzene),    sulphanilic     add     (/-amido-ba( 
phonic  acid),  and  phenylerediamine,  as  well  as  phend 
line,  all  yield  quinone  when  oxidized  by  chromic  acid. 
The  constitution  of  quinone,  C,H,Og,  is  not  definitd 

By  some  it  is  written   C,H,  j  q>  and  by  others  ( 
CO  ~" 

/\ 
HC     CH 

II      II     ■ 
HC     CH 

\/ 
CO 
would  be  a  peroxide,  according  to  the  second  a  keto^ 
benzene  itself,  but  of  a  dihydro-beniene.  This  latter  vi 
generally  accepted,  as  it  brings  h  into  analogy  with  a 
none  and  the  other  higher  quinones  which  are  kncq 
diketones.  j 

Quinone  (Benzo-quinone),  C,H,Oj,  is  made  most  it 
oxidizing  aniline  sulphate  with  chromate  of  potash  and> 
acid.  The  quinone  so  formed  is  shaken  out  with  ether, 
prisms  melting  at  115.7°  ^"^^  subliming.  It  has  a  chlj 
odor,  is  diffirultly  soluble  in  cold  water,  more  readily 
hot  water,  as  well  as  in  alcohol  and  ether.  It  is  easily  1 
into  hydroquinone  by  reducing  agents  like  SO,  or  HI. 

By  chlorinating  quinone,  or  by  the  action  of  potass 
rate  and  hydrochloric  acid  upon  phenol,  we  obtain  Utr» 
mme  (chloranil),  CgCI.O,.  As  reducing  agents  convert 
into  tetnichlorhydro-quinone,  it  is  used  as  an  oxidizing 
the  manu&cture  of  aniline  colors,  as  with  methyl-vJoleL 
of  the  homologues  of  quinone  may  also  be  mentione4 
quinone,  C,H,(0,)CCH3),  Xylo-quinone,  C,H,(0.){C: 
Th>-mo-quinone,  C,H,(0,)  |  ^j^  . 

VIll.  Aromatic  Alcohols.  Aldehydes,  and  K 
I.  Aromatic  Alcohols.— The  aromatic  alcohols  dif 
fore  staled,  from  the  phenols  in  that  the  OH  has  replaa 
gen  in  the  side-group  instead  of  hydrogen  in  the  nuclei] 
ni;iy  be.  and  often  are.  isomeric  n-ith  phenols,  as  benzy 
C.H,.CH,OH,  and  cresol.  C,H/CH,).OH. 
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responding  ketone,  C,Hg.CO.CHg  (acetophenone),  and  on  caroi 
ful  Dxidntion  reproduces  thb  compound.  < 

Phenyl-propyl  Akohol  i,Hydrocinnamyl  AlcohoH.  C,H,.CH,< 
CHg.CHjOH,  is  obtained  from  cinnamyl  alcohol  by  reductionj 
It  exists  as  cinnamic  ester  in  storax.  Closely  related  to  thb  il 
the  unsaturated  aromatic  alcohol,  known  as 

Gnnauiyl Alcohol  ^Styrenej.  C,H„.CH=CH.CH,OH.— TM| 
occurs  as  cinnamic  ester  under  the  name  of  styraciiie  in  storaj 
resin  (Styrax,  U.S.  P.J.  It  crystallizes  in  shining  needles,  a 
sparingly  soluble  in  water,  and  possesses  a  hyacinth-like  odon 
It  melts  al  t,^  and  distils  at  250°.  On  careful  oxidation  it  yieli 
cinnamic  acid  ;  more  energetically  oxidized  it  yields  benzoic  aci( 

3.  Aromatic  Aldehydes. — These  correspond  in  all  thi 
general  properties  with  the  aldehydes  of  the  methane 

Bensaldthyde,  C.H^.COH  (Oleum  Amygdala:  Amara,  U.S,! 
P.)*— This  compound  was  at  one  time  exclusively  obtained  by  the' 
decomposition  of  the  glucoside  atnygdalin  of  the  bitter  almonj'l 
in  the  presence  of  eniulsin  and  other  ferments,  according  to| 
Ihe  reaction  Cj„H„NO„  +  zH^O  =  C.Hg.COH  +  2C,H„0,-f-  j 
HCN.  It  is  now  mastly  made  artificially  by  the  oxidation  of  the  j 
chlorine  derivatives  of  toluene  ;  ' 

sCaHaCHjCI  +  CbHbCHCI,  +  aMnO,  =  3CBH,.COH  -f-  sMnCl.T^  H.O, 

Btii.yl  Chtoi.cle.    Benxal  Cliluiid*.  Ben  aldehyde. 

or  by  heating  benz^il  chloride  with  milk  of  lime  under  pressure. 
Thb  reaction  has  been  already  noted  under  benzal  chloride  (s« 
p.  6911. 

Benzaldehyde  is  a  colorless,  strongly- refracting  liquid  of  pleas- 
ant bitter-almond  odor.  Boils  at  179°,  and  has  a  sp.  gr.  of  1.05. 
It  is  only  slightly  soluble  in  water,  but  is  easily  soluble  in  alcohol 
and  ether.  Its  behavior  shows  in  many  wa>-s  its  character  as  an 
aldehyde.  It  is  easily  oxidized  to  the  corresponding  add;  *■ 
reduces  siUer  solutions  with  the  formation  of  a  metallic  mirror;  it 
may  be  reduced  to  a  primary-  alcohol ;  it  forms  a  crystalline  con'- 
pound  with  sodium  bisulphite  ;  it  reacts  with  hydroxylaminc  ai*^ 
phenyl-hydrazine.  A  reaction  which  is  distinct  and  quite  charac- 
teristic of  it  as  an  aromatic  aldehyde  is  its  power  to  unite  10  fbnn 
condensation  products.  Thu.«,  we  -ire  able  to  effect  the  s>-nthe- 
sis  of  cinnamic  add  bv  the  condensation  of  benzaldeh^'de  and 
sotlinm  aceurte.  C,H,.COH  -f  CH.COONa  =  C,H,CH=CH.- 
COONa  +  H,0,  a  reaction  of  the  greatest  importance  in  the 
numuEtcture  of  artificial  indigo  (see  Indigo). 
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later  under  diphenyl-methane.  The  diatomic  arid  triatomic  phzihe- 
nols  also  react  with  glacial  acetic  acid  in  the  presence  of  zSSnc 
chloride  to  a  class  of  ketones  known  as  keto-phenols. 

GallaceiO'Phenone,  CeHj|(OH)3.COCH3,  is  formed  by  the 
tion  between  pyrogallol  and  glacial  acetic  acid  in  the  presei 
of  zinc  chloride.     It  forms  a  dirty-flesh-colored,  crystalline 
der,  difficultly  soluble  in  cold  water,  easily  soluble  in  hot  wati 


alcohol,  or  ether,  and  in  glycerin.  It  melts  at  170®.  It  is  i"^—  ed 
in  medicine  as  a  substitute  for  pyrogallol,  being  relatively  nc — -an- 
poisonous,  and  at  the  same  time  strongly  antiseptic  against  mic^^o- 
organisms. 

IX.     Phenol  Alcohols  and  Phenol  Aldehydes. 


I.  Phenol  Alcohols. — These  compounds,  as  the  name  ii^^di- 
cates,  partake  of  both  phenol  and  aromatic  alcohol  charact  er ; 
that  is,  they  must  contain  at  least  two  OH  groups,  one  of  wt^HBich 
(the  phenolic  OH)  is  directly  attached  to  the  nucleus,  and  the 

other  (the  alcoholic  OH)  is  contained  in  the  side-group,  wt" — lich 
will  then  be  CH^OH.  The  empirical  formulas  of  the  phenol  aM-  Ico- 
hols  will  always  differ  by  one  additional  oxygen  atom  from  the 

aromatic  alcohols  to  which  they  correspond.     Hence  they  are 

often  called  **  oxy  alcohols.** 

Oxy-benzy I  Alcohols,  CeH4(OH)CH,OH.— Of  the  three  iso- 

meric compounds  of  this  formula  the  ortho  compound  is  h^  ^^ 
known.     It  is  Saligenin,  which  results  when  the  glucoside  salL 
is  decomposed  by  emulsin  or  dilute  acids  :  C^^HigO^  +  H,' 
CeH^(OH)CHaOH  +  CeHjjOe. 

It  forms  pearly  tablets  soluble  in  hot  water,  alcohol,  and  e 
melting  at  82°,  and  subliming  near  100^.  It  yields  salicylic 
when  oxidized. 

Anisyl  Alcohol,  CeH^(OCHa)CH,OH,  is  the  methyl  ether     ^^ 

the  /-oxybenzyl  alcohol,  and  is  obtained  from  anisic  aldehyd-  )'^^ 
by  alcoholic  potassium  hydrate.     It  crystallizes  in  needles,  m^ 
ing  at  25°  and  boiling  at  259°  without  decomposition.     W 
oxidized  it  yields  anisic  aldehyde  and  acid. 


licin 


lelt- 
hen 


Vanilliri   Alcohol, 


(OH 
,    CeH,  j  OCHg    ,  and  Piperonyl  Alco^"^^ 
(^CHjOH 


CgHj  -j  O  *,  are  formed  from  their  aldehydes  vanillin 

(.CHjOH 

piperoiial  by  acting  on  their  solutions  with  sodium  am 
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(CH     IMO 

Vanillin    (Methyl-protocatechuic   Aldehyde),    C-H.  \  OCL    ~H 

(oh  :^  •' 

is  the  odoriferous  principle  of  the  vanilla  bean,  which  rnntr  ~s~ii'ni, 
from  2  to  2^  per  cent.,  and  is  found  also  in  many  crude  bt^^^et- 
sugars,  in  asparagus,  asafoetida,  and  in  small  amount  in  the  wocz^H^dy 
tissue  of  many  plants.     It  was  first  made  artificially  by  Tiem:^ir=3nn 
and  Haarmann  by  oxidizing  coniferin,  a  glucoside  containeczzizl  in 
the  cambial  juice  of  the  Coniferae,  with  chromic  acid.     It  is        ^Iso 
formed  synthetically  together  with  an  isomeric  aldehyde  (isc^»»va- 
nillin)  when  guaiacol  is  acted  upon  with  chloroform  and  allg —  aj; 
and  by  oxidizing  eugenol  from  oil  of  cloves.     Vanillin  cry^».  taJ- 
lizes  in  needles,  and  is  soluble  in  water,  alcohol,  ether,  car^-^on 
disulphide,  and  chloroform.     It  melts  at  8o°  and  boils  at  2^  0°* 
Heated  with  HCl  to  i8o®  it  decomposes  into  methyl  chloride  .^nd 
protocatechuic  aldehyde.    Ferric  chloride  colors  its  solution  b  X.ue. 

rcoH 

/'^ifr^wa/ (Heliotropine),  CgHj^  O^^prr  . — ^This  is  the   :^me- 

thylene  ether  of  protocatechuic  aldehyde.    It  is  obtained  by  cii^xi- 
dizing  piperic  acid.    Forms  small,  colorless,  shining  crystals  sn»  ^' 
ing  of  coumarin,  and  difficultly  soluble  in  water,  but  readily  sc::^!^' 
ble  in  alcohol,  ether,  vaseline,  and  glycerin.    Melts  at  37*^  and  \>^^ 
at  263*^.     Is  largely  used  in  perfumery  as  artificial  heliotropin* 


X.     Aromatic  Acids  and  Phenol  Acids. 

The  aromatic  acids,  like  the  fatty  acids  and  other  acids  of  'C^-'^ 
methane  series,  contain  one  or  more  carboxylic  groups,  COO  ^^^^\ 
in  this  case  linked  either  directly  or  indirecdy  with  the  phe^""^-  ^ 
group  or  the  benzene  nucleus.    This  group  COOH,  of  course,  j^  '^    ^ 
supposes  the  side-group  CH3,  from  which  it  is  formed  by  oxidati^:==^^^  "' 

TABLE  OV  AROMATIC  ACIDS  AND  PHENOL  ACIDS. 
Motiobasic  Saturated  Acids:  Melting  Pc^  ^    "*' 

Benzoic  acid,  CeHfi.COOH I2i*» 

Phenylacetic  acid,  CeH5.CHa.COOH 76** 

o-  102* 


e    o-  102" 
•j   in-  iro® 


Toluic  acids,  CeH4(CH3).COOH 

Hydrocinnamic  acid,  CeH5.CHa.CHa. COOH 49** 

Mesitvlenic  acid,  )  166* 

V  CeH3(CH8)aCOOH I26» 

Xylylic  acids,        )  jg.o 

Cuinic  add,  CeH4(C3H7)COOH 116* 
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Benzoic  Acid,  CeH^-COOH  (Acidum  Benzoicum,  U.  S.  F^.  > 
was  discovered   in  1608   in  gum  benzoin,   and  prepared  from 
urine  by  Scheele  in  1785.     It  occurs  in  the  free  state  in  a  number 
of  resins  and  balsams,  as  gum  benzoin,  Peru  balsam,  Tolu  bed- 
sam,  dragon* s  blood,  and  in  certain  plants.     In  the  urine,    es- 
pecially of  carnivorous  animals,  it  occurs  as  hippuric  acid.     It  is 
prepared  either  by  sublimation  from  the  gum-resin  {acidum 
resina),   or  by  the  decomposition  of  hippuric  acid  (acidum 
urina),  or  synthetically  starting  from  toluene  {acidum  ex  toluol^). 
The  reaction  for  this  latter  production,  CeH^CQ,  -f  2H,0  = 
CeHg.COOH  +  3HCI,  has  already  been  referred  to  (see  p.  691 ). 

Benzoic  acid  forms  white,  lustrous  scales,  melting  at  121®,  boil- 
ing at  250°,  and  subliming  in  a  current  of  steam.     The  vapors 
have  a  peculiar  odor,  exciting  to  sneezing  and  coughing.     It  is^ 
difficultly  soluble  in  cold  water,  readily  soluble  in  hot  water, 
alcohol,  benzene,  and  petroleum  ether. 

Of  the  metallic  benzoates  we  have,  as  official   compound^i 
Ammonii  Benzoas,  U.S.  P.,  NH^C^H^Oj.  Lithii  Benzoa^^ 
U.  S.  P.,  LiC^HjOa,  and  Sodii  Benzoas,  U.  S.  P.,  NaC,H,a^ 
The  mercury  and  bismuth  benzoates  have  also  been  used  i^ 
medicine.     Both  the  methyl  and  the  ethyl  esters  of  benzoic  acid  ^ 
CeH^.COOCHj  and   CeHj.COOCaH,  respectively,  are  knowT^ 
as  pleasant-smelling  aromatic  liquids,  the  latter  especially,  unde^"^^ 
the  name  of  **  benzoic  ether,**  is  used  in  some  artificial  fniit^ 
essences. 

Other  derivatives  of  benzoic  acid  are :  benzoyl  chloride, 
CeHg.COCl,  benzonitrile  (or  phenyl  cyanide),  C^H^.CN,  ben- 
zoic anhydride,  (CeH5CO)gO,  benzamide,  CgH^CONH,,  and 
benzanilid,  C^Hg.CO.NHCgHj.  This  latter  compound  is  the 
analogue  of  acetanilid,  and  has  been  introduced  into  medicine 
as  an  antipyretic  possessing  some  advantages  over  acetanilid. 

An  important  derivative  of  benzoic  acid,  and  at  the  same  time 
one  of  the  commercial  sources  of  it,  is  hippuric  acid  (benzoyl- 

CHa.NH(CeH,.CO) 

glycocoll),    I 

COOH. 

This  compound  is  obtained  from  the  urine  of  the  herbivora,  and 
in  case  benzoic  acid  or  compounds  capable  of  yielding  it  by  oxida-    - 
tion  are  taken  internally,  from  human  urine  as  well.     It  may 
formed  artificially  by  the  reaction  of  benzoyl  chloride  and  glyco- 
coll in  the  presence  of  caustic  alkali : 

CeH^COCl    -   CHa(NH2)COOH  ■=  CeHjCO.NH.CHaCOOH  +  H( 
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decay  of  albuminous  matter.     It  forms  fine  needles,  melting  ai 
47°  and  boiling  at  280°. 

Cumic  Acid  (/-Isopropyl-benzoic  Acid),  C^Y\^(C^\Lf)COQH, 
is  obtained  by  oxidizing  Roman  oil  of  cumin  with  potassium  per- 
manganate. It  also  results  from  the  oxidation  of  cymene  in  the 
animal  organism.  It  crystallizes  in  plates,  and  yields  cumene 
when  distilled  with  lime. 

2.  Polybasic  Saturated  Acids. — By  the  oxidation  of  two  or 
more  of  the  side-groups  in  the  homologies  of  benzene,  polybasic 
acids  are  obtained. 

Pkthalic  Acids  (^^nzen^-iXicsshoxyXxc  Acids),  C^H^CCOOH),.— 
We  have  here  three  isomers  :  orthophthalic  acid,  isophthalicadd, 
and  terephthalic  acid.  The  first  is  in  all  respects  the  most  im- 
portant. It  forms  when  orthoxylene  is  oxidized  by  nitric  add  or 
potassium  permanganate  (not  by  chromic  acid,  however,  whidi  de- 
composes it)  or  any  ortho-di-derivative  of  benzene.  It  is  made  on 
a  large  scale  by  the  oxidation  of  naphthalene,  either  directly  with 
nitric  acid  or  by  first  forming  the  tetrachlor- naphthalene,  Cii^J\ 
and  then  oxidizing  this  with  nitric  acid.  It  crystallizes  in  short 
prisms  or  plates,  melting  at  184°  ;  readily  soluble  in  water,  alcohol, 
and  ether.  When  heated  above  its  melting  point,  it  readily  loses 
water  and  yields  the  anhydride.  Distilled  with  lime  it  loses  COj 
and  yields  benzene. 

Phthalic  Anhydride,  QJA^  |  ^q>0.— This  compound  b  ob- 
tained by  sublimation  in  long,  white  prisms,  melting  at  1 28*  and 
boiling  at  284°.  When  heated  with  the  phenols  it  yields  a  series 
of  compounds  known  as  **phthaleins,"  such  as  phenolphthalein, 
resorcinphthalein  (fluorescein),  etc.  These  will  be  referred  to 
again  under  Triphenyl -methane  and  derivatives. 

Terephthalic  Acid  is  the  para  compound.  It  results  from  the 
oxidation  of  /-xylene,  cymene,  etc.,  and  especially  of  oil  01 
turpentine  or  oil  of  cumin. 

Benzene-tricarboxylic  Acids,  CeH3(COOH)3.— Three  isomeis 
are  known  :  trimesic  acid,  obtained  by  the  oxidation  ofmesity- 
lene  ;  trimellitic  acid,  obtained  by  the  oxidation  of  colophony) 
and  heniimellitic  acid. 

Benzene-tetracarboxylic  Acids,  CeHa(COOH)^.— Of  this  for- 
nulla  are  pyroniellitic  acid,  prehnitic  acid,  and  mellophanic  acid. 

BcyizeyiC'pentacarboxylic  Acid,  CeH(COOH)3.— But  oneadd 
of  this  formula  is  possible  and  it  has  been  obtained. 

Bcnzene-hexacarboxylic  Acid,  0^(000 H)^.— The  aluminum 
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benzoic  acid  is  C,HgOj,  while  salicylic  (oxybenzoM 
C,H,Oa.  In  them  there  is  ai  least  one  OH  group  aH 
rectly  to  the  benzene  nucleus,  and  giving  to  the  conn 
phenol  character,  while  at  the  same  time  they  contain 
boxyl  group  COOH,  and  act  as  acids.  These  phenol] 
form  with  bases  two  classes  of  salts,  in  one  of  which  till 
acid  group  alone  is  replaced  by  metal,  and  in  the  othq 
{he  H  of  the  phenol  group  is  also  replaced.     Thus,  we  j 

salicylic  acid  both  C^H,  ]  rnONa  ("^""^  sodium  1 


and  C,H,  \  XnoNa  t^asic  sodium  salicylate).     The  fl 


ce  thi 
),.  aoj 


fONa 
•  i  COONa  *• 

not  acted  upon  by  carbonic  acid,  the  second,  like  I 
phenol,  is  decomposed  in  aqueous  solution  by  CO,, 
into  the  first  compound.  j 

Oxybensou  Acids,  C,H^  j  coOH'~^^  ^^^  '"^""^  '^ 
most  important  is  the  ortho  acid,  which  is  Acidum 
cum,  U.  S.  P.  This  is  found  in  the  blossoms  of  Spird 
and  as  methyl  ester  in  oils  of  wintergreen  and  birch.  ] 
tained  by  the  oxidation  of  saligenin  (see  p.  716),  an<fi 
coumarin,  indigo,  ortho-cresol,  etc.,  with  caustic  poia 
thetically  it  is  now  made  by  the  process  of  Kolbe  as] 
by  Schmidt ;  acting  upon  sodium-phenol  with  COJ 
vessels  at  a  temperature  of  130°  :  T 

CaHgONa    +    CO,    =    CaHe—O— COONa.  J 
CbHb-O— COONa     =     CaH,(OH)COONa.      | 

There  is  formed  in  this  case  at  first  an  ether-like  el 
sodium-phenol  carbonate,  and  this  then  by  molecular  | 
ment  passes  into  sodium  salicylate.  At  a  somewhat  hi 
perature  only  half  the  phenol  used  Ls  converted  inS 
acid,  the  basic  sodium  salt  is  formed,  and  the  other  "" 
phenol  distils  off  unchanged.  j 

Salicylic  acid  crystallizes  in  fine  needles,  fiising  at  H 
and  volatile  in  a  current  of  steam.  It  is  difficultly  solid 
water,  more  readily  soluble  in  hot  water,  easily  soluble] 
form,  alcohol,  and  ether.  Ferric  chloride  produces  a  w 
in  its  aqueous  solutions.  { 

The  salts  of  salicylic  acid  which  are  official  are  Litl 
la8,  U.  S.  P.,  and  Sodii  Salicylas,  U.  S.  P. 

Of  the  esters  of  salicylic  acid,  two  are  official 
cylas,  U.  S.  P.,  the  artificial  or  synthetic  methyl  sali< 
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and  similar  substances  on  boiling  these  with  sulphuric  acid  r 

from  their  decay.     It  is  also  found  in  human  urine  in  cases  c^^y^ 
acute  phosphorus  poisoning.     It  has  also  been  made  synthetical^^ 
from  phenyl-acetaldehyde. 

Isomeric  with  several  of  these  monobasic  phenol  acids  arr 
several  alcohol  acids  in  which  we  have  alcoholic  OH  in  one  side- 
chain  and  the  carboxyl  group  COOH  in  another. 

Mandeiic  .-^r/V/(Phenyl-gly collie  Acid),  CeH,.CH(OH).C00H, 
results  upon  heating  amygdalin  with  hydrochloric  acid,  and  is  made 
synthetically  by  saponifying  benzaldehyde  cyanhydrin,  QH^.- 
COH.HCN.  Mandelic  acid  is  interesting  as  entering  into  the 
formation  of  the  artificial  alkaloid  homatropine  (see  Alkaloids). 

Tropic  Acidy  CeH^.CH  \  nr\f\\j  »  is  formed  by  the  breaking 

up  of  atropine  and  hyoscyamine  under  the  influence  of  bar\'ta 
u-ater.  the  products  being  tropic  acid,  CgH^oOj,  and  tropine. 
CgHjjNO.  Tropic  acid  has  also  been  made  synthetically.  Pro- 
longed boiling  with  baryta  water  changes  it  into  atropic  acid 
vsee  p.  723\ 

Protocatechuic  Add,  CeH3(OH),COOH,  contains  two  phenol 
OH  groups  and  the  one  COOH  group.  It  is  obtained  by  fusing 
various  resins,  such  as  catechu,  benzoin,  dragon's  blood,  asa- 
Ketida.  and  others,  with  potash.  It  may  be  prepared  syntheti- 
cally by  heating  pyrocatechin  with  carbonate  of  ammonia.  It 
K>mis  lustrous  needles,  melting  at  199^,  soluble  in  warm  water 
and  alcohol,  insoluble  in  benzene.  It  reduces  ammoniacal  silver 
:!^>lution  but  not  Fehling*s  solution.  The  solution  is  colored 
ti:n?t?n  by  terric  chloride,  turning  to  blue  after  addition  of  Na^CO,. 
Putr^ctive  decomposition  changes  it  into  pyrocatechin,  CeH^- 
vOH  ,  and  CO,. 

I  jftii\'u'  Acid,   C^Hj  j  Qcu   \  COOH,   is   the    monomethyl 

rthtT  of  protixratechuic  acid.  It  results  from  the  oxidation  of 
\uiuUin  or  cv»niferin.  Forms  needles,  melting  at  207°,  and  capa- 
ble of  subliming. 

IV»j:^:\  Acid,  CeHjCOCHj^COOH,  is  the  dimethyl  ether. 
U  vKVurs  in  sabadilla  seeds  (  Verairum  sabadilld).  A  homologue 
v*f  i>n.^tvxMiechuic  acid  is  orseiiinic  acid,  C,Hj(CH3)(OH),COOH, 
>k  h  vh  :5  Knind  in  many  lichens,  both  free  and  as  an  ester,  er\thnn 

..,:  ..  A.id,  C,H,(OH)3COOH  (Acidum  GalHcum,  \5.S^ 
r  \  'N  touiul  naturally  in  nutgalls,  in  tea,  in  sumac,  and  in  othe* 
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plants,  and  is  made  synthetically  by  several  reactions.  It  can 
readily  be  prepared  from  the  tannin  of  nutgalls  by  the  action  of 
<lilute  acids  or  by  the  change  due  to  mould  growths.  It  forms 
silky  needles,  fusing  at  220°  to  240°,  and  is  soluble  in  hot  water, 
alcohol,  and  ether.  Is  decomposed  by  dry  distillation  into  pyro- 
^lol  and  carbon  dioxide:  CeHaCOHjgCOOH  =  CeH3(OH)3 
+  CO,. 

It  reduces  Fehling*s  solution,  is  colored  blue-black  with  ferric 
chloride,  but  is  not  precipitated  by  lead  acetate.  With  potassium 
cyanide  it  gives  a  red  color,  and  with  iodine  in  the  presence  of 
inorganic  salts  a  purplish-red  color. 

Among  the  salts  of  gallic  acid  may  be  mentioned  the  basic 
Jfismuth  gallcUe  (or  subgallate),  CeHa(OH)3COOBi(OH)j.  This 
compound,  discovered  in  1841  by  Bley,  has  recently  been  brought 
ibrward  as  a  substitute  for  iodoform  in  skin  diseases,  under  the 
name  of  *  *  dermatol.  * '  It  forms  a  saffron-yellow  powder,  insolu- 
ble in  water,  alcohol,  or  ether,  but  soluble  in  dilute  acids. 

Closely  related  to  gallic  acid  and  occurring  with  it  in  the 
several  natural  sources  mentioned  is  an  alteration  product  of  it : 

Gallotannic  Acid  (Digallic  Acid),  Ci4HioOg  (Acidum  Tanni- 
cuxn,  U.  S.  P.). — It  is  found  in  gall-nuts  to  the  amount  of  60-65 
per  cent. ,  as  well  as  in  sumac,  tea,  etc.  It  is  best  prepared  by 
extracting  powdered  nutgalls  with  commercial  ether  or  with 
sicetone.  It  is  a  light-yellowish,  amorphous  powder,  or  in  scales 
or  spongy  masses,  nearly  odorless,  and  with  a  strongly  astrin- 
gent taste.  It  is  soluble  in  water,  difficultly  soluble  in  absolute 
sdcohol,  and  insoluble  in  absolute  ether,  benzene,  and  carbon 
disulphide.  When  boiled  with  dilute  acids  or  alkalies,  it  takes 
up  a  molecule  of  water  and  yields  2  molecules  of  gallic  acid. 
The  aqueous  solution  is  colored  dark  blue  by  ferric  chloride. 
Tannin  has  an  affinity  for  the  animal  hide  and  for  gelatin,  and  is 
abstracted  from  its  solution  by  these  substances,  the  product  in 
the  former  case  being  leather. 

The  salts  of  tannic  acid,  or  the  tannates,  are  amorphous.  The 
iron  salt  is  the  basis  of  the  "nutgall  ink,"  the  ferric  tannate 
being  kept  in  suspension  by  the  addition  of  some  gum  to  the 
aqueous  liquid. 

Gallotannic  acid  is  but  one  of  a  large  series  of  related  tannins 
^hich  are  named  according  to  their  sources.  The  classification 
adopted  by  one  of  the  authors  in  another  work  *  is  as  follows  : 


The  Tannins,  by  Henry  Trimble,  vol.  ii.  p.  132,  J.  B.  Lippiiicotl  Co.,  1894. 
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Group  a.  Callotannic  acid,  Cheslnut-wood  tannin,  Chestnut- 
bark  tannin,  Pomegranate- bark  tannin,  and  Sumac  tannin. 

Group  b.  Oak-bark  tannin,  Mangrove  tannin,  Canaigre  tan- ', 
nin,  Rhatany  tannin,  Kino  tannin.  Catechu  tannin,  TormentUi 


In  addition  to  these,  not  classified  may  be  mentioned  Mori- 
tannic  acid  (from  Morns  tinctorial,  Caffe-tannic  acid  (in  coffee). 
Cinchona  tannic  acid  (in  cinchona  bark),  etc.  It  has  been  su[>. 
posed  that  a  number  of  these  exist  in  the  plants  as  glucosides,, 
and  only  show  the  distinctive  charaaers  on  the  breaking  up  of  i 
this  original  combination,  but  all  recent  investigations  indicate; 
that  there  is  no  chemical  combination  of  the  tannin  with  glucosci 

Quinic  Acid.  C,H.H,(OH),COOH,  is  a  hesahydro-tctroxy-: 
benzoic  acid.  It  b  found  in  quinine  bark,  in  coffee  beans,  and' 
meadow  hay.  Forms  prismatic  crystals,  fusing  at  idi.e*,  and' 
soluble  in  water.  When  oxidized,  yields  quinone  ajid  hydroqul*' 
none,  and  fused  with  caustic  potash  yields  protocatechuic  acid. 
The  action  of  reducing  agents  converts  it  into  benzoic  acid  :  j 
C,H„0,    +     H,    =    C,H,0,    -t-    4H,0.  | 

5.  Unsaturated  Phenol  Acids. — These  acids,  like  the  un-j 
saturated  alcohols  and  aldehydes,  contain  an  unsaturated  side- 
group  with  a  COOH,  and  at  the  same  time  one  or  more  pheaol, 
groups  OH. 

Coumaric  Add  (Oxycinnamic  Acid).  C,H,(OH).CH=CH.-l 
COOH. — ^The  ortho-coumaric  acid  is  found  in  sweet  cloverl 
(^Mclilolus  offictHalis),  and  is  made  synthetically  bj-  se\-eral  rcac-| 
tions,  the  most  interesting  of  which  is  the  condensation  of  salicyl* 
aldehyde  with  acetic  anhydride  in  the  presence  of  acetate  of  soda:' 
C,H«(OH)CHO  +  (CH,CO),0  =  C.H^iOHjCH^CH.COOH  +! 
C,H.O,.  I 

It  forms  needles  melting  at  207°-3o8°,  and  sublimity  ^vhoq 
heated.  The  add  very  readily  loses  a  molecule  of  water  aii4 
yields  the  anhydride  j 

CoimariM.  C,H, 


•lCH=CH.CO- 


It  is  found  in  Tonka  bean 
'     ■  !_  *-n=^i_n.nj  — — 

(the  seeds  oi  DipUrix  adorata).  in  woodruff  lAsfieru/a  odorata)^ 

and  other  vegetable  sources.     It  may  be  formed  by  the  synlhesi!^ 

given  above  for  coumaHc  add,  and  in  small  quantity  when  nulia 

acid  is  heated  with  phenol  and  sulphuric  add.     Forms  shin 

prisms,  melting  at  67°  and  boiling  at  290°.     It  b  powerfully  a 

nutic.  and  b  eniplo\-ed  in  pcTitiiner>-  and  to  impart  a 
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certain  wines.     It  is  scarcely  soluble  in  cold  water,  but  soluble  in 
liot  water,  alcohol,  and  ether. 

Caffeic  Acid  (Dioxycinnamic  Acid),  CeH3(OH),CH=CH.. 
^00  H,  is  obtained  by  the  decomposition  of  the  caffe-tannic 
^cid  of  coffee  beans.  It  may  also  be  formed  synthetically  by  the 
^^ndensation  of  protocatechuic  aldehyde  with  acetic  anhydride. 

Pendaic  Acid  is  the  methyl  derivative  of  caffeic  acid.  It  is 
^ound  in  asafoetida,  and  may  be  made  synthetically  from  vanillin 
^niethyl-protocatechuic  aldehyde)  and  acetic  anhydride. 

Umbellic  Acid  is  an  isomer  of  caffeic  acid.  Its  anhydride  b 
^dml^elliferon^  which  bears  the  same  relation  to  thb  acid  that  cou- 
-^Yiarin  does  to  coumaric  acid. 

Anhydrides  of  trioxy-cinnamic  acids,  or,  as  they  may  also  be 
-cenned,  dioxy-coumarins,  are  Aescuietin  and  DaphneHn^  the 
products  of  the  decomposition  of  the  glucosides  Aesculin  and 
I>aplinin. 


CHAPTER   VIL 

AROMATIC  COMPOUNDS  WITH  MORB  THAN  ONB 

NUCLEUS. 

Two  classes  are  here  to  be  distinguished :  oomponnds  in  whi 
the  several  benzene  nuclei  are  joined  together  without  condensa 
tion,  and  compounds  in  which  two  or  more  benzene  nudei  hay 
condensed  together  to  form  a  new  and  distinctive  nucleus  oi 
grouping. 

I.  Compounds  with  Uncondensed  Nuclei. 

I.  Diphenyl  Group. — Just  as  the  action  of  sodium  on  methyl 
iodide  in  ethereal  solution  by  withdrawing  the  iodine  causes  the 
two  methyl  groups  to  unite  to  form  ethane,  CH3 — CH,,  so  the 
action  of  sodium  on  brom-benzene  in  ethereal  solution  causes 
the  two  phenyl  groups  to  unite  to  form 

Diphenyl^  CeHg.CeHg. — It  is  also  formed  when  the  vapor  of 
benzene  or  benzoic  acid  is  led  through  a  red-hot  tube,  and  is  con- 
tained in  coal-tar.  White,  lustrous  scales,  fiising  at  71®  and 
boiling  at  254**.     When  oxidized  it  yields  benzoic  add. 

The  usual  replacing  groups  OH,  NO,,  NH,,  HSO^,  and  CH^ 
may  replace  hydrogen  in  the  diphenyl  formula,  and  isomeric 
compounds  are  formed  according  to  the  position  of  the  replacing 
group. 

Among  the  most  important  of  the  diphenyl  derivatives  may  be 

mentioned 

CeH,.NH. 
Di-p-amido'diphenyl  (Benzidine),   I  •     It  is  obtained 

C,H^.NH. 

by  reducing  the  corresponding  nitro  compound  of  diphenyl.    It  b 

a  diatomic  base  which  crystallizes  in  colorless,  silky  plates,  readily 

soluble  in  hot  water  and  alcohol,  and  melting  at  122®.     It  is  of 

great  importance  in  the  color  industry,  since  its  diazo  compounds 

react  with  phenols  and  amines  to  form  a  valuable  class  of  dyes, 

which  are  used  on  cotton  without  previous  mordanting.     Th 

are  known  collectively  as  **  benzidine  dyes." 

Carta  zoic,    \         >NH,  is  the  imide  of  diphenyL     It  is 
c  w  / 
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-tained  in  coal-tar  and  in  crude  anthracene,  and  may  be  obtained 
^Iso  bypassing  diphenylamine  (see  p.  699)  through  red-hot  tubes. 
Hexoxy-diphenyly  Cj^H^COH),,  which  dissolves  in  potash  with 
-violet-blue  color,  is  the  mother-substance  of  Ccernligyione  (or 
Cedriret),  CjeHjeO^,  a  violet-colored  compound  which  is  formed 
^when  crude  pyroligneous  acid  is  purified  with  chromate  of  potash, 
^nd  also  fi-om  the  oxidation  of  the  dimethyl-pyrogallol  of  beech- 
'^wood  tar.  It  crystallizes  in  fine,  steel-gray  needles,  soluble  in 
croncentrated  sulphuric  acid  with  fine  blue  color. 

2.  Diphenyl-methane  Group. — The  replacement  of  one  hy- 
drogen in  methane  by  phenyl  C^Hg  gives  us  phenyl- methane, 
'Aich  we  have  already  considered  as  methyl-benzene,  or  tolu- 
;  the  replacement  of  two  or  three  hydrogen  atoms  by  phenyl 
lips  gives  us  diphenyl-methane  and  triphenyl-methane  com- 
nds,  which,  therefore,  bear  a  simple  relation  to  toluene, 
mas,  we  have 


^Methane  Phenyl-methane,  Diphenyl-methane.  Triphenyl- 

or  toluene.  methane. 

-^^yiphenyl'tnethane,  C^^.CH^,C^^,  is  obtained  by  the  action 
T^enzyl  chloride  upon  benzene  in  the  presence  of  aluminum 
'"'X^Dride  or  zinc-dust     It  forms  long,  colorless  needles,   which 
^*11  of  oranges.     Fusing  point  26°-27°. 

emophenane  (Dxph^nyX-k^ton^),  CeHg.CO.CeHg,  may  beob- 

by  oxidizing  diphenyl-methane  with  chromic  acid,  or  more 

ply  by  distilling  benzoic  acid  with  lime.     This  reaction  shows 

be  the  counterpart  of  acetone  obtained  by  distilling  acetate 

lime.     Colorless  crystals,  insoluble  in  water,  soluble  in  alco- 

^^^X*     It  is  dimorphous  and  may  crystallize  in  rhombic  prisms, 

ng  at  49®,  or  in  rhombohedra,  fusing  at  27®. 

^uorcne  (Diphenylene-methaneV    |         yCHj,  is  contained  in 

C  H  '^ 

-tar,  and  crystallizes  in  colorless  plates  with  a  violet  fluores- 
ce.    It  melts  at  113®  and  boils  at  295°. 

Triphenyl-methane   Group. — Triphenyl-methane,  CH- 
,H,)3,  and  its  homologues,  diphenyl-tolyl-methane, 

CjHj  ,  and  phenyl-ditolyl- methane,  CH -j  CeH4.CH3, 

CgH^.CHj  (QH4.CH3 
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are  of  especial  importance  as  being  the  mother-substances  of  the 
great  majority  of  the  so-called  **  aniline  dyes.** 

Triphenyl-methane  can  be  made  synthetically  by  a  variety  of 
reactions.  Thus,  by  the  action  of  benzal  chloride  on  benzene  in 
the  presence  of  Al^Cl,  we  have 

CeH5.CHCla    -j-    aCeHe    =    CH(CeH5)8    4-    3Ha, 

or  from  chloroform  and  benzene  in  the  presence  of  aluminum 
chloride 

CHCla    +    3CeHe  =     CHCC.H.^a     +    3HCI. 

It  forms  white,  prismatic  crystals,  soluble  in  hot  alcohol  and 
ether,  fusing  at  92.5°  and  boiling  at  359®. 

Triphenyl'Carbinol,  (CjH5)3.C(OH),  may  be  prepared  by  oxi- 
dizing triphenyl-methane  with  chromic  acid. 

Fuming  nitric  acid  acting  upon  triphenyl-methane  produces 
trinitro-tripheny l-me thane ^  (CjH4.NOa)3CH,  and  this  oxidized 
gives  trinitrO'triphenyl'Carbinoi,  (CeH^NO,),.  C(OH).  The  cor- 
responding amido  compounds  (CjH4NH,)3CH  and  (QH^NH,),- 
C(OH)  are  known  as  **  para-leucaniline*  *  and  *  *  para-rosaniline" 
respectively,  and  are  the  starting-points  of  the  aniline-color 
manufacture. 

TRIPHENYL-METHANE  DYE-COLORS. 

From  triphenyl-methane  may  be  derived  the  four  groups  of  dye<oloB 
which  follow,  and  these,  which,  in  distinction  from  the  nitro  dye-colors, 
the  azo  dye-colors,  or  the  naphthalene  and  anthracene  dye-colors,  are 
called  the  triphenyl-methane  colors,  are  the  *' aniline  colors**  in  the  nar- 
rower sense  of  the  word.    These  groups  are  : 

{a)  The  Malachite  Green  group  ( Diamido  derivatives  of  Triphenyl 
methane). 

{b)  The  Rosaniline  group  (Triamido  derivatives  of  Triphenyl-methane). 

(c)  The  Rosolic  Acid  group  (Oxy  derivatives  of  Triphenyl-methane). 

{d)  The  Phthalein  group  (derivatives  of  Triphenyl-methane-carboxylic 
acid). 

a.  The  Malachite  Green  Group. — In  the  presence  of  zinc  chloride  or 
hydrochloric  acid,  one  molecule  of  benzaldehyde  reacts  with  two  mole- 
cules of  dimethyl-aniline  to  form  a  tetramethylated  diamido-triphcn)'!- 

rC,H4N(CHa)s 

methane  :  CeHoCOH  -f  2CeH8N(CH8)a  =  HC^  CeH4N(CH3),  -f  H,0. 

ICeH, 

This  base  so  obtained  is  the  "  leuco  base'*  (or  colorless  base),  which  on 
oxidation  yields  the  color  base  of  the  dye  **  malachite  green."  The  com- 
mercial dye-stuff  is  the  chlorhydrate  or  zinc  chloride  double  salt  of  this 
base.  The  same  dye-color  is  also  known  as  "Victoria  green,*'  or  "bitter- 
almond-oil  green. ' '     Homologous  compounds  in  this  group  are  the  colors 
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"brilliant  green,"  "Helvetia  green,"  and  "light  greeVi,"  the  last  two 
containing  sulphonic  groups. 

b.  The  Rosaniline  Group. — The  rosaniline  dyes  are  derived  partly  from 
triphenyl-methane  and  partly  from  diphenyl-tolyl-methane ;  in  the  former 
erase  they  are  often  designated  as  para  compounds,  as  '*  para-rosaniline," 
l>ecause  prepared  from  aniline  and  para-toluidine. 


f  CeH4NHa 


Para-Uucaniline,  HC  {  CeH4NHa ,  and 

ICeH^NHa 

rCeH8(CH8)NH, 
Leucaniline,  HC-J  CeH4NHa, 

{  CeH4NHa 

iresult  from  the  reduction  of  the  corresponding  trinitro  compounds.    The 

free  leuco  bases  crystallize  in  colorless  needles  or  plates,  melting  at  148° 

and  100®  respectively.    When  these  bases  or  the  commercial  mixture 

(aniline  oil)  containing  them  are  oxidized,  we  obtain  para-rosaniline, 

(  CeH4NHa  f  CeH8(CH8)NH, 

<OH)C  \  CeH4NHa,  and  rosaniiine,  (OH)C  \  CeH4NHa 

lCeH4NHa  iCeH4NHa 

These  color  bases  unite  with  acids  to  form  the  actual  dye-stuffs.  Thus, 
.J^kchHne  (or  Aniline  Red,  Magenta,  etc.)  is  the  chlorhydrate  of  rosaniline, 
and  its  formation  takes  place  with  the  elimination  of  water,  as  shown  : 

f  CeH8(CH8)NH,  f  CeH8(CH8)NH, 

(OH)C  ^  CeH4NH,  +    HCl    =    C^C8H4NHa  -f   HaO. 

lCeH4.NHa  I  lCeH4NH.HCl 

I  i 

The  several  stages  in  the  practical  manufacture  of  magenta  may  be 
outtined  as  follows :  The  commercial  benzene  is  a  mixture  of  benzene 
and  toluene.  This  is  nitrated,  the  process  being  carried  out  on  a  large 
scale  in  a  series  of  vessels  of  the  construction  shown  in  Fig.  103.  The 
product  after  thorough  washing  is  a  mixture  of  nitro-benzene  with  ortho- 
and  para-nitro-toluene.  This  is  now  to  be  reduced  to  commercial  ani- 
line, which  is  accomplished  in  a  still  of  the  construction  shown  in  Fi^. 
104,  the  reducing  agent  being  nascent  hydrogen  generated  by  a  mix- 
ture of  iron  filings  and  hydrochloric  acid.  The  reaction  once  started 
usually  develops  sufficient  heat  not  only  to  carry  it  to  completion,  but  to 
^distil  over  part  of  the  aniline.  This  is  then  finished  by  the  aid  of  a  cur- 
vent  of  steam.  The  product  is  "aniline oil,"  of  which  several  grades  are 
^designated  according  to  the  quality.  "Aniline  oil  for  reds,"  used  in  the 
manufacture  of  magenta,  is  a  mixture  of  ortho-  and  para-toluidine  with 
some  40  per  cent,  of  aniline ;  "  aniline  for  safranine"  contains  aniline  and 
ortho-toluidine,  but  little  or  no  para-toluidine  ;  while  "aniline  for  blues" 
contains  almost  pure  aniline. 

The  aniline  oil  (mixture  of  leucanilines)  is  now  to  be  oxidized.  The 
^^^nts  used  for  this  have  been  syrupy  arsenic  acid,  stannic  chloride,  mer- 
curic chloride  or  nitrate,  and,  lastly,  nitro-benzene  itself  When  the  oxi- 
<lation  is  complete  the  acid  is  added  to  form  a  salt,  and  this  is  extracted 
and  the  product  purified  by  crystallization. 

The  crystals  of  magenta,  while  dissolving  with  strong  red  color,  appear 
in  compact  form  a  lustrous  metallic  green,  although  the  powder  is  reddish. 
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Acid  Magenta  is  essentially  rosaniline  trisulphonate  of  sodium.  I 
logues  of  magenta,  or  methylaUd  rosaniiines,  are  obtained  by  then 
ment  of  the  hydrogen  atoms  of  the  amido  groups  by  methyl.  Etfa 
phenyl  groups  also  act  in  the  same  way. 

Fig.  103. 


1 


Manufacture  of  nitro-benzene. 

Methyl  Violet  is  a  mixture  of  the  hydrochlorates  of  penta-  ami 
methyl -^rosaniline.  The  red  shade  of  the  para-rosaniline  salts  is  cl 
into  violet  by  the  entrance  of  methyl  or  ethyl  groups,  the  intensity 
shade  increasing  with  the  number  of  the  groups.  This  methyl  vio 
been  introduced  into  medicine  under  the  name  of  **pyoktanin, 
recommended  as  an  antiseptic,  especially  in  eye-clinics  and  practic 

Hofviami's  Violet  is  a  mixture  of  methylated  and  ethylated  rosai 
or  rather  their  chlorhydrates  and  iodohydrates. 
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J^tienylaUd  ^onun/iWj.— By  the  entrance  of  phenyl  groups  into  the 
rosaniline  molecule  the  violet  color  which  first  results  soon  changes  to  a 
blue,  when  three  phenyl  groups  have  entered.  Hence  Aniline  Blue  is 
triptlienyl-rosaniiine  hydrochloride.     It  is  a  beautiful  blue  dye,  soluble  io 

Fig.  104. 


f^*^*>Hol,  but  insoluble  in  water.     It  is,  therefore,  often  known  as  "spirit 
'***-'*     It  is  made  soluble  in  water  by  the  process  of  sulphonating,  and 
thus  are  obtained  the  dyes  known  as  ■'alkali  Mue,"  "water  blue,"  etc. 

''•    1'he   Roaolic  Acid  Group. — Just  as  aniline  may  be  changed  into 

phenol  by  diazotizing  and  boiling  with  water  (.see  p.  70s),  so  para-rosani- 

"ne  and  aniline  may  be  changed  into  corresponding  compounds  in  which, 

1  of  amido  groups,  we  have  phenol  OH  groups.    Thus,  to 

(CaH.NH,  fC-H.OH 

(OH)C  ]  C,H,NH,  correspond  {OH)C  \  C.H^OH     and 
(CjH^NHa  ICjH^OH 

Fm-rotan  iliac. 


'  to  (OH)C 


fC,H,(C 

\  c,h.n; 

lC,H,N 


correspond  (OH)C 


fC,Ha(CH,)OH 
\  C,H«OH 
I.C,H«0. 


fC,H,(C 
\  C,H-OI 
lC,H«01 


75^  ORGANIC  CHEMISTRY. 

The  dye>  here  obtained,  auxin  and  rosolic  acid.  are.  it  will  be  st 
ini:-.  ir^ics  •:•:"  the  carbinuls  first  obtained.     They  ditfer.  moreover,  fri> 
r.«*«r-:l.r.T  j.-^: /»-ro>aniline.  in  beinj;  acid  dyes  and  not  l)asic. 

Ari'.r.z  "'c  •  thcr  dyes  o(  this  chiss  are  the  yellow  and  the  red  coralli 
Tr.^  i>-=<    :"  :■"•>  -lass  have  not  any  present  importance. 

i  The  Phthalein  Group.— The  phthalei'ns  result  i'umt  the  action  of 
r:«:i*cu"r  .:':  ~:ha'.io  anhydride  (see  p.  722)  uix)n  two  molecules  of  a  ph 
zci  with  tr.T  scr.sration  o(  water.    Thu.s : 

^*^iCO>0    -^    aC,H,.OH    =    CeH«{5">0 

V 

\ceH40H 


n 


^CeM4()H 
Phenol  -pht  halela. 

OH  >. 


C  -  CeH4.0H     A     ,      „  o 


!2  ±^  ris<  -A  e  >ee  that  the  loss  of  the  elements  of  water  causes  th^»- 
rcdnL.c  ir'.".  dr.<ii  and  the  two  molecules  of  phenol  to  unite  to  form  o^^ 
'X'v  j;c:r«.«--.i.  the  phihalein.     It  may  be  written  as  tirst  shown  to  illiis  .^E 
rn:-:  s*  5:rT*  i::-.^n  from  phthalic  anhydride,  but  the  other  method  shows- 
D?  ctrorictrr  i*  j  :r!rhenyl-methane  derivative. 

r^t^ti-^'V/ >j. /. f  :*.>mis  colorless  needles,  fu.sing:  at  25o°-253°,  which  an=^* 
ic«CiUhi>  —.  *  i:rr.  s^'.uMe  in  alcohol.     Alkalies  also  dissolve  it  with  rt 
r-*iv:r   kt-C  t:*r  >l:ih:c<l  excess  of  acid  causes  to  disai)pear.     Henc< 
js*^  IS  ir.  L-.'iioat.^r  in  alkalimetr>'.     (Phenol-phthalein  Test-solution 

jr.-:».'r:?:»-f'f--fw:.'.*r«   F.-.iorescein)  is  formed  by  heatinj^  phthalic  anhy- 
cniK  v'-LZ  r^.rr.i  t:  2co=.     Dark,  reddish-yellow  cr>sti\ls,  ditficultlysol- 
ijhis  n  io.r«-i      ■.''•>.s.'»lve<  in  alkalies  to  a  yellowish-red  solution,  flu( 
:^ens  ITi^'".     ^'■'^  >odiiini  salt  of  fluorescein  is  known  as  *'  Uranine,'' 
tad  >  :xfi  ■^■i"  -^^  ='-"5s  *^"*^^^  yellow. 

f..'..;?-!  ri  z^.'t  •.'•:c.us«: -HT  's.ilt  of  tetrabrom-fluorescein.  Its  aqueous  solu- 
tjcc  s^:  «s  X  rsoc>h-yxr.ow  color  and  yellowish-green  fluorescence.  Il 
i»  ea.':«22S*»'«''*  -2KfC  loe  iyHn*:  silks  and  woollens. 

Ft  -^scrss  .-rXrrjLtf  1  broniinaied.  and  other  substituted  phthalic  aci< 
4  c«»>J«^i^-'<  "^^-^'  -^  nvxiitied  Eosins  are  obtained,  like  Etythrosm^^m 

Rose  i/  5'.'»^'i-'.  F'^T'Hi'^.'Sfr,  Fkio.vipi,  etc.,  all  of  which  show  fluores 

^^P(^     .v  K\M-*r."^  Si  a  <r.T'!vir  red  dye  of  beautiful  fluorescing:  properties  — 
(;j//V7«  i^  ^-  r-hch.Cetn  of  P\Ti.Hrallol.     It  dissolves  in  alkalies  witt-"» 
blue  color,  ani  »*.th  rt?%i  color  in  alcohol.     Zinc-dust  reduces  it  to  sra/iim-  ^ 
which  IS  di«so»\^  ^v  sc'.rhuric  acid,  yieldinjj:  Grru/eifi,  a  dye  dissolvings^ 
in  aUuUes  with  gwea  c\>wr  and  used  as  a  green  dye. 

4.  The  Indigo  Group. — In  the  Indigo  plant  {Indigofer^^ 
ihulorid)  as  weU  as  in  woad  {/satis  tinctorid)  and  other  plants, 

.jresent  a  glucoside,  Mican.  which  by  its  decomposition,  which 
t^Bplacc by  a  spontaneous  fermentation  when  the  plant  b  cut. 
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dissolved  in  the  dilute  acid  solution.  Its  sodium  salt  comes  into 
commerce  as  **  Indigo-carmine,"  or  soluble  indigo-color. 

hatin,  CsH^NO,  (or  CeH^<(^2^C(OH)y  is  formed  by  the 

oxidation  of  indigo  with  nitric  add.  It  forms  yellowish-red 
prisms,,  soluble  in  hot  water  and  alcohol,  fusing  at  2OO°-20i*'. 
When  dissolved  in  excess  of  concentrated  sulphuric  acid,  it  gives 
a  blue  color  with  thiophene,  or  benzene  containing  thiophaie 
(see  Thiophene,  p.  675). 

By  reduction  of  isatin  are  obtained  dioxindoly  oxindol^  and 
indoL 

Indoxyl,Q^^'^o{Qx  C^/^^^^yQ\C\,  is  found  m  the 

form  of  its  sulphonic  acid  in  normal  urine  in  small  amount  and 
under  pathological  conditions  (stoppage  of  the  intestine)  in 
larger  amount.  Yields  indigo  when  oxidized.  Indoxylmaybc 
tested  for  in  the  urine  by  adding  strong  hydrochloric  add  and  a 
few  drops  of  chlorinated  soda  as  an  oxidizing  agent,  when  the 
blue  color  of  indigo  will  be  obtained. 

The  underlying  substance  of  the  whole  indigo  group  is 

Indol,  CeH^<^^^^H.— This  substance  is  obtained  readily 

from  albuminoids  by  the  action  of  bacteria,  by  the  pancreatic  fer- 
mentation, and  by  fusion  with  caustic  potash.  It  has  also  been 
made  synthetically  by  heating  ^-nitrocinnamic  add  with  potash 
and  iron  filings,  by  heating  aniline  with  monochloracetaldehyde, 
and  by  other  reactions.  It  forms  luftrous  white  leaflets,  radting 
at  52°  and  readily  volatile  with  steam.  It  has  the  peculiar  odor 
of  faeces. 

Indol  can  be  considered  as  the  condensation  product  of  a  ben- 
zene nucleus  and  a  pyrrol  nucleus,  as  illustrated  by  the  structural 
formulas  : 

CH  CH  NH 

HC  CH  NH         HC  C  CH 

HC  CH        HC  CH        HC  C— CH 

V  "   "  V 

CH  HC— CH  CH 

Benzene.  Pyrrol.  Indol. 

In  this  formula,  two  carbon  atoms  are  common  to  boA  tte 
benzene  and  the  pyrrol  nuclei.  We  shall  have  examples  of  simi- 
lar condensation  of  two  or  more  benzene  nudei  in  the  tormulas 
of  naphthalene  and  anthracene. 
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Skaiol  (iS-methylindol),  C^^^<^^^^}::::==CU,  is  found  in  the 

geces,  and  is  formed  from  albumen  by  fusion  with  potash  or  by 
the  action  of  bacteria,  generally  accompanied  by  indol.  It  may 
also  be  made  synthetically  from  propionaldehyde  and  phenyl- 
hydrazine.  It  forms  white,  lustrous  leaflets,  melting  at  95°  and 
boiling  at  265°-266°,  and  possessing  a  strong  odor  of  faeces.  A 
pine  chip,  moistened  with  an  alcoholic  skatol  solution  and  then 
dipped  in  cold,  strong  hydrochloric  acid,  is  colored  first  cherry- 
red  and  then  dark  violet. 

11.    Compounds  with  Two  Condensed  Benzene  Nuclei. 

In  the  higher-boiling  portions  of  coal-tar  occur  hydrocarbons 
still  richer  relatively  in  carbon  than  benzene, — that  is,  containing 
relatively  less  hydrogen  for  a  given  number  of  carbon  atoms. 
While  the  general  formula  of  benzene  and  its  homologues  was 
C.Hj„_^,  these  hydrocarbons  belong  mainly  in  two  series,  pos- 
sessing the  general  formulas  C„Hj„_ij  and  C^Hg^.^g  respectively. 
These  hydrocarbons  not  only  belong  to  the  closed-chain  or  cyclic 
hydrocarbons,  but  they  bear  a  close  relationship  to  benzene,  and 
are,  in  fact,  derivatives  of  it.  This  is  seen,  for  instance,  in  the 
feet  that  naphthalene,  the  representative  of  the  formula  C^Hg^.j,, 
when  oxidized  yields  phthalic  acid,  and  anthracene,  the  repre- 
sentative of  the  formula  C^H^^jg,  when  oxidized  yields  benzoic 
add. 

I.  Naphthalene  Series.    (General  formula  C„Ha„_i,.) 

Naphthalene,  CjoHg  (Naphtalinum,  U.  S.  P.),  is  a  product 
of  destructive  distillation  of  many  organic  compounds,  being 
formed  when  ethylene,  acetylene,  alcohol,  ether,  acetic  acid, 
camphor,  etc.,  are  decomposed  by  heat,  as  in  passing  through  a 
red-hot  tube.  Is  mainly  extracted  from  coal-tar,  of  which  it  is  an 
abundant  constituent.  It  forms  white,  lustrous  scales,  melting 
at  79.2®  and  boiling  at  218**,  but  volatile  in  a  current  of  steam. 
Is  insoluble  in  water,  soluble  in  hot  alcohol  and  in  ether.  Naph- 
thalene has  a  strong  and  characteristic  coal-tar  odor.  It  is  used 
as  an  antiseptic  and  disinfectant,  and  as  a  substitute  for  camphor 
as  a  preservative  against  moths  (hence  the  designation  '  coal-tar 
camphor**),  and  on  a  large  scale  for  the  manufacture  of  phthalic 
add  and  numerous  derivatives  used  in  the  dye-color  industry, 
and  for  carburetting  illuminating  gas. 

The  constitution  of  naphthalene  has  been  established  by  a  study 
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of  its  decompositions  and  is  illustrated  by  the  following  grapiijc 

formulas : 

CH  CH  CH 

HC     CH  HC     C     CH 

I      !l  I      il     i 

HC     CH  HC     C     CH 

CH  CH  (5h 

Benzene.  Naphthalene. 

In  this  formula,  two  benzene  nuclei  are  considered  to  have 
condensed,  two  atoms  of  carbon  being  held  in  common  by  the 
two  parts  which  have  united.  This  gives  us  lo  atoms  of  carbon, 
of  which  only  8,  however,  are  free  to  attach  hydrogen,  hence  the 
formula  CioHg. 

2.  Addition  Compounds  of  Naphthalene. — Naphthalene 
takes  up  hydrogen  feir  more  readily  than  benzene  does,  and  fonns 
first  yiaphthalene  di hydride,  CjoHg.H,,  and.  naphthalene  tetrahy- 
dridey  CioHg.  H4.  By  more  intense  action  of  hydriodic  acid  and 
phosphorus  the  second  benzene  nucleus  is  also  attacked,  and  a 
hexahydride,  CioHg.H^,  and  finally  a  dekahydride,  Ci0H,.Hjo, 
are  formed.  It  also  yields  chlorine  addition  products  more  read- 
ily than  benzene  does,  such  as  naphthalene  dichloride,  CioHg-Of, 
and  naphthalene  tetrachloride ,  C10H3.CI4.  This  latter  is  manu- 
factured on  a  large  scale  by  the  action  of  potassium  chlorate  and 
hydrochloric  acid  upon  naphthalene,  and  is  then  oxidized  by  the 
aid  of  nitric  acid,  yielding  phthalic  acid  as  product  (see  p.  722). 

3.  Substitution  Derivatives  of  Naphthalene. — In  speak- 
ing of  benzene  it  was  stated  (see  p.  681)  that  in  the  case  of  mono- 
substitution  compounds  it  mattered  not  which  H  atom  of  the  ben- 
zene molecule  was  considered  to  have  been  replaced.  In  the 
case  of  naphthalene  we  find  that  there  are  two  mono-chlomaph- 
thalenes,  two  mono-nitronaphthalenes,  etc.  The  reason  of  this 
is  apparent  on  examining  the  structural  formula  of  naphthalene. 
It  will  be  seen  that  in  the  accompanying  two  cases  represented 
the  replacement  in  the  one  formula  is  of  a  hydrogen  attached  to 
a  carbon  adjacent  to  one  of  the  two  linking  carbons,  and  in  the 
other  formula  is  of  a  hydrogen  not  adjacent  to  either  of  these 

CH  C— NO-  CH  CH 

HC     C     CH  HC     C     C-NOr 

linking  carbon  atoms :        I       II       I  I       II       I 

HC     C     CH  HC     C     CH 

\/\^  \/\/ 

CH  CH  CH  CH 
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^'Naphthol  (Naphtol,  U.  S.  P.). — Fuming  sulphuric  add  act- 
ing upon  naphthalene  at  80^-90°  produces  a-naphthalene-sul- 
phonic?  acid  chiefly,  but  at  200°  /9-naphthalene-sulphonic  acid  is 
the  chief  product.  The  sodium  salt  of  this  acid  is  fused  with 
caustic  soda,  and  the  result  is  /5-naphthol-sodium.  From  this  the 
official  compound  is  liberated  by  the  addition  of  hydrochloric 
acid.  It  forms  colorless,  silky  scales  or  crystalline  powder  of  a 
weak  phenol-like  odor  and  sharp  taste.  It  fuses  at  123°  and  boils 
at  286^.  Alkalies  produce  a  bluish-violet  fluorescence;  feme 
chloride  produces  a  greenish  color,  ^^-naphthol  is  soluble  in 
alcohol,  ether,  benzene,  chloroform,  oils,  and  alkalies. 

It  is  quite  analogous  in  chemical  properties  to  phenol  or  car- 
bolic acid.  It  is  largely  used  for  external  application  as  an  anti- 
septic ;  taken  internally  it  is  a  poison.  /5-naphthol  should  be  free 
from  contamination  with  a-naphthol,  as  this  is  quite  |X)isonoiis. 
The  ferric  chloride  test  above  mentioned  ser\'es  to  distinguish 
them  ;  with  a-naphthol  a  violet  color  is  obtained. 

Two  derivatives  of  /5-naphthol  have  been  introduced  into 
medicine  : 

^'Naphthy I' salicylate  (Betol),  CeH^(OH)COOCioH7.-This 
compound  is  the  counterpart  of  salol,  which  is  phenyl  salicylate. 
It  forms  a  pure  white  powder  of  lustrous  crystals,  melting  at  95**- 
It  is  difficultly  soluble  in  both  cold  and  hot  water,  easily  soluble 
in  boiling  alcohol,  ether,  benzene,  and  warm  linseed  oil.  I^ 
therapeutic  action  is  almost  the  same  as  that  of  salol,  decom- 
posing in  the  intestine  into  salicyclic  acid  and  /5-naphthol.  The 
other  derivative  is 

^-Naphthol-a-monosulphonate  of  Calcium  (Asaprol).— It  has 
been  recommended  for  internal  administration  in  cases  of  rheu- 
matism, gout,  etc. 

Dioxy naphthalenes y  CioHg(OH)2,  the  counterparts  of  the 
diatomic  phenols,  are  also  known.  Similarly  corresponding  to 
quinone,  CgH402,  are  the  «-  and  ^-naphthoquinones^  CjoH^Oi. 
These  are  produced  directly  by  the  oxidation  of  naphthalene 
with  chromic  acid. 

Both  the  hydroxyl  group,  OH,  and  the  quinone  group,  ^v 
may  exist  in  the  same  molecule.  We  have  an  oxynaphikoq^' 
7ione,  CioHg(OH)Oa,  diVidsidioxy naphthoquinone,  C^^^iOV) fir 
This  latter  is  known  as  *  *  naphthazarine' *  (or  alizarine  black),  ^ 
valuable  dye-color. 

Homologues  of  naphthalene,  such  as  a-  and  p-meihyl-naphihA' 
Icnes,  are  found  in  coal-tar.     From  these  are  derived  the  naphtkff^ 
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acidSy  CiqH^.COOH,  just  as  benzoic  acid  is  derived  from  toluene 
or  methyl-benzene,  and  corresponding  to  the  oxybenzoic  acids 
(such  as  salicylic  acid)  we  have  «-  and  ?-oxy naphthoic  acids.  Of 
these  the  former  has  been  used  in  medicine  as  an  antiseptic  of 
very  similar  character  to  salicylic  acid. 

III.    Compounds  with  Three  Condensed  Nuclei. 

Under  the  general  formula  C^Hj^^ig  we  have  two  hydrocar- 
bons of  the  composition  C14H10,  besides  homologues  of  these. 
These  hydrocarbons  are  anthracene  and  phenanthrene,  and  both 
occur  in-  coal-tar. 

I.  Anthracene  and  its  Derivatives. — Anthracene  is  a  prod- 
uct of  destructive  distillation  of  organic  material,  such  as  coal- 
tar,  petroleum,  turpentine  oil,  etc.,  and  can  be  made  synthetically 
from  a  variety  of  sources.     Its  structural  formula  b  considered 


CH  CH  CH 


to  be       I       I! 
HC     C 


CH 


in  which  formula  we  have  two  ben- 


X> 


C     CH 


:h  CH  CH 

zene  residues  C^H^  united  by  the  group  CgH,  as  the  middle 
nucleus.  This  group,  C,H,,  with  the  equivalence  four,  links  to- 
gether the  two  parts  in  the  manner  expressed  by  the  full  structural 

formula  given  above,  or  sometimes  expressed  C^H^^    |      )>C-H4. 

That  the  two  OH  groups  which  join  together  the  two  benzene 
nuclei  are  also  linked  with  each  other  by  a  single  bond  is  indi- 
cated by  several  reactions,  among  which  may  be  mentioned  the 
formation  of  anthracene  from  benzene  and  tetrabromethane  in 
the  presence  of  aluminum  chloride : 

GriBrn  /CHv 

2CeH«    4-     I  =    CeH/  |     yi^^    -f-    4HBr. 

It  is  obtained  from  the  fraction  of  the  coal-tar  boiling  above 
300®  and  known  as  the  **  green  oil"  (or  anthracene  oil)  by  chill- 
ing this  and  pressing  out  the  crude  anthracene  in  cakes  of  green- 
ish-yellow color.  The  pure  hydrocarbon  forms  colorless  plates 
of  white  color  with  blue  fluorescence.  It  fuses  at  213°  and  boils 
above  360°.  With  picric  acid  it  forms  an  addition  compound^ 
crystallizing  in  beautiful  red  needles.     It  is  difficulty  soluble  in 
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alcohol  and  ether,  readily  soluble  in  hot  benzene  or  toluMW. 
When  oxidized   it  yields  antkraquinone.  while  reducing  agents 

CH 

change  it  to  anthracenehydride^  ^•^♦'^rH^^^*^*'  *°^  ^"  P'^ 

longed  action  to  anthracene  hexahjdride,  C^Hj^  and  ultimately 
to  anthracene  perhydride,  Cj^H^. 

The  chief  ases  of  anthracene  are  in  the  preparation  of  alizarine 
and  similar  artificial  dye- colors. 

CO 

Anthraqiiinone,   C,H^<pQ^C,H^,  is  readily  obtained  by  the 

oxidation  of  anthracene  by  chromic  acid  in  glacial  acetic  add 
and  by  the  distillation  of  calcium  benzoate  : 

(C,H5.COO)gCa    =    CeH4<^3>^«"4    +    ^^    ^    "t^* 

It  forms  yellow  prisms,  soluble  in  hot  benzene  or  glacial 
acetic  acid,  fusing  at  277^,  and  boiling  at  over  360'.  By  dis- 
tillation in  contact  with  zinc-dust  it  yields  anthracene  again. 
Paused  at  high  temperatures  with  caustic  potash  it  yields  benzoic 
acid.  By  heating  with  strong  sulphuric  acid  it  is  made  to  yield 
sulphonic    acids,    such    as    anthraquinone-monosulphonic  acid, 

CO 
C^H^< r-Q^C^^^(yiSO^)y  and  anthraquinofie-disuiphonic acids, 

Ci4HefHS03)j|Oj.  These  sulphonic  acids  are  of  great  tedi- 
nical  importance  as  being  steps  in  the  synthetic  formation  of 
alizarine. 

Oxyanthraquinones  are  formed  when  hydrogen  of  the  anthra* 
quinonc  formula  is  replaced  by  OH  groups.  Thus,  mono-oxyan- 
thraqiiinone  is  Ci4H7(OH)Oa,  and  dioxyanthraquinofie  is  C^H,- 
(OH)j()j.  Of  this  latter  there  are  a  number  of  isomers,  of  which 
the  most  important  is  alizarine.  Trioxyanthraquinones,  C14H1- 
(011)30 J,  are  also  obtained,  of  which  anthragallol  and  purpurine 
are  the  most  important.  The  methods  for  the  formation  of  these 
very  important  technical  compounds  will  be  noted  later. 

CO 

Alizarine     (Ortho-dioxyanthraquinone),    C3H4<pQ>C,H,- 

(OH)j,,  is  found  in  madder- root  {Rubia  tinctorum)^  where  it 
results  from  the  decomposition  of  a  glucoside,  rubianic  acid 
(ruberythric  acid).  It  has  been  known  from  early  historic  times, 
and  was  used  in  the  Ekist  for  the  cotton  and  damask  dyeing 
known  as  "  Turkey  red.'* 

Since  1867.  when  Grat-be  and  Liebermann  first  effected  its  synthesis  from 
ai)thra( me,  it  has  been  made  artificially  in  a  \*ariety  of  ¥k'a>'S.    Thus,  the 
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first  synthesis  was  from  anthracene,  by  the  action  of  bromine  upon  the 
anthraquinone,  and  then  fusing  the  dibromanthraquinone  with  caustic 
potash,  as  shown : 

CeH4<^3>CeH4    +     4Br    =    CeH4<^3>CeH.Br,    +    aHBr. 

2KBr. 

This  first  synthesis  was  soon  superseded  by  that  involving:  the  use  of 
filming  sulphuric  acid.  The  mono-  and  disulphonic  acids  when  fused 
with  caustic  alkali  should  yield  by  theory  the  corresponding  oxyanthra- 
quinones.  It  is  found,  however,  in  practice,  that  oxygen  is  always 
absorbed  from  the  air,  and  that  the  monosulphonic  acid  when  fused  yields 
a  mixture  of  mono-  and  di-oxyanthraquinones,  and  the  disulphonic  acid 
yields  a  mixture  of  di-  and  tri-oxyanthraquinones.  Chlorate  of  potash  is, 
therefore,  added  in  practice  to  facilitate  their  partial  oxidation  and  to 
complete  the  change.  The  reactions  then  for  the  manufacture  of  alizarine 
are: 

^•"♦<CO>^«"«("^«^    +  N^^"   =   CeH4<^3>CeH3(OH)   + 

NaHSOs. 

^eH4<^3>C«Hs(OH)    -f    O   =    CeH4<^3>CeH,(OH),. 

Of  course  as  an  excess  of  the  fiised  alkali  is  present,  the  alizarine,  as 

CO 
formed,  becomes  sodium  alizarate,  CeH4'<pQ>CeH8(ONa)2,   which   is 

soluble  in  water  with  rich  purple  color.  From  this  solution,  on  addition 
of  hydrochloric  acid,  the  alizarine  is  precipitated  as  a  tawny-yellow 
powder,  wht<5h  generally  comes  into  commerce  in  the  moist  state  as  a  lo- 
per-cent.  or  20-per-cent  paste. 

The  fusion  of  the  anthraquinone  sulphonate  with  the  caustic  alkali  is 
carried  out  at  a  temperature  of  180®  to  200°  in  an  autoclave  provided 
with  mechanical  agitation,  as  shown  in  Fig.  105.  If  the  anthraquinone- 
disulphonic  acid  is  taken  for  the  fusion  with  caustic  alkali,  the  product 
is  mainly  a  mixture  of  isomeric  trioxy-anthraquinones. 

Alizarine  crystallizes  in  fine  red  prisms  or  needles,  which  melt 
at  282°,  and  can  be  sublimed.  It  is  readily  soluble  in  alcohol 
and  ether,  combines  with  a  violet  or  purple  color  with  alkalies, 
and  forms  various  colored  insoluble  compounds  or  *' lakes** 
with  metallic  oxides,  the  ones  of  chief  importance  being  those 
of  aluminum  and  tin  (red),  the  iron  (violet-black),  and  the  lime 
(reddish -blue).  The  finest  color  obtained  with  alizarine,  known 
as  **  Turkey  red,*'  is  produced  by  mordanting  the  materials 
with  acetate  of  alumina  and  treating  them  with  a  sulphonated 
castor  oil,  known  as  ** Turkey  red  oil,'*  before  applying  the 
alizarine. 
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Derivatives  of  Alizarine. — By  the  action  of  nitrogen  teirosic^* 
upon  alizarine  is  formed  ^-nitre-alizarine,  or  ' '  alizarine  orange, 
C,,H,(NOj)04,  used  as  a  dye.     By  heating  this  compound  wiciJ 

glycerin  and  sulphuric  acid  is  formed  alizarine  blue,  C„H,NO 

It  is  brought  intu  commerce  as  a  colorless  combination  of  the  dy^^ 

color  with  sodium  bisulphite,  which  is  printed  upon  the  goods  ai^c 

Fig.  105. 


then  steamed,  when  the  alizarine-blue  color  is  deposited  upon  th^ 
fibre.     By  the  reduction  of  alizarine  with  ammonia  and  z!nc-du^= 

,C(OHV 
is  formed  dcsoxy alizarine,  C,H.^    I         ^C,H,(OH)_,  whict 

under  the  name  of  "anthrarobin,"  has  been  used  in  medicine  .^ 
a  non-poisonous  substitute  for  chrysarobin  and  chrysophanic  acL  ^ 
Purpurine  (Trioxyanthroquinone).  C,4H,(OH)jO,. — This  d  ye 
is  fiiund  along  with  alizarine  in  madder-root,  and  is  also  prepar«tf 
artificiiilly.     F/avofiitrpurine  and  anthrapurpurine  are  isomers 
I'lirni'il    in    the   fusion  of   anthraquinone-disulphonic   acid  wXrh 
Mik.ili,     Aiilhrafrallol  is  also  an  isomer,  which  comes  into  coa- 
mitii'  as  "alizarine  brown." 
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A  homologue  of  anthracene  is  also  found  in  coal-tar, — viz., 
Methyl-anthracene^  Ci^Hg(CH3).  It  is  capable  of  analogous  re- 
actions, yielding  a  quinone  and  hydroxyl  derivatives  of  the  same. 
The  name  of  one  of  the  latter  is  Chrysophanic  Acid  (Dioxy- 
methyl-anthraquinone),  Ci4H5(CH3)(OH)gOg.  It  is  found  in 
certain  lichens,  in  yellow  dock  {Rumex)y  in  senna,  and  in  rhu- 
barb. It  crystallizes  in  golden-yellow  prisms  or  needles,  melting 
at  102°,  and  soluble  in  alcohol,  ether,  or  benzene.  Alkalies  also 
dissolve  it,  forming  dark-red  solutions.  When  distilled  over 
zinc-dust  it  yields  methyl-anthracene. 

Chrysarobin,  U.  S.  P.,  which  is  found  in  Goa  and  araroba 
powder,  has  the  formula  C^W^O^,  and  bears  the  same  relation 
to  chrysophanic  acid  that  anthrarobin  does  to  alizarine.  It 
readily  yields  chrysophanic  acid  by  its  oxidation.  It  forms  yellow 
scales  or  needles,  melting  at  170°-!  78°,  is  insoluble  in  water 
and  ammonia,  soluble  in  alkalies,  with  yellow  color  which  gradu- 
ally turns  red,  as  on  exposure  to  the  air  chrysophanic  acid  is 
formed.  It  is  used  like  anthrarobin  for  external  application  in 
skin  diseases. 

Emadin  (Trioxy-methyl-anthraquinone),  C15H10O5,  occurs 
with  chr)rsophanic  acid  in  the  bark  of  wild  cherry  and  in  rhubarb- 
nx>t.  When  distilled  with  zinc-dust  it  also  yields  methyl-anthra- 
cene.    It  forms  orange-red  crystals,  melting  at  245°-25o°. 

3.  Phenanthrene,  ^mH^q,  is  an  isomer  of  anthracene,  and  is 

also  fimnd  in  coal-tar.     Its  structural  formula  differs  from  that 

CeH^-CH 
cxf  anthracene,  and  is  represented  as  I  H    ,    or   more    fully 

C^H^ — CH 

CH  CH 

dHC     CH 

CHC      C 

"V/Vx^X      I  in  which  formula  is  shown  the  condensation 
CH  C     CH 

I       II 
CHCH 


Yh 


:h 

of  three  benzene  nuclei,  the  middle  one  having  two  carbon  atoms 
jointly  with  each  of  the  side  nuclei.  It  crystallizes  in  colorless, 
lustrous  scales,  melting  at  99°  and  boiling  at  340°.  It  may  be 
separated  from  anthracene  by  fractional  distillation,  followed  by 
repeated  crystallization  from  alcohol,  in  which  it  is  much  more 
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soluble  than  anthracene.  It  forms  a  crystalline  compound  with 
picric  acid,  crystallizing  from  benzene  in  yellow  needles,  melting 
at  145°,  and  soluble  in  hot  alcohol  without  decomposition. 

PhefianihrenqutnorUy  C14H3O2,  is  obtained  by  oxidizing  phe- 
nanthrene  by  chromic  acid  mixture.  It  crystallizes  in  dark  orange- 
yellow  prisms,  melting  at  198°.  When  ignited  with  soda-lime 
it  yields  diphenyl,  (CgHg),,  in  almost  the  theoretical  proportions, 
whereas  anthraquinone  gives  benzene  when  similarly  treated. 

The  phenanthrene  molecule  is  contained  in  the  alkaloid  mor- 
phine, as  when  this  latter  is  distilled  with  zinc-dust  phenanthrene 
is  obtained. 


■i 


IV.    Compounds  containing  Nitrogen  in  the  Benzene 

Nucleus. 

By  the  replacement  of  one  triad  group,  CH,  in  the  benzene 
molecule  by  the  element  nitrogen  we  obtain  Pyriditte,  QHjN. 

By  the  replacement  of  one  triad  group,  CH,  in  the  naphthalene 
molecule  by  the  element  nitrogen  we  obtain  Quinoline,  QH^N. 

By  the  replacement  of  one  triad  group,  CH,  in  the  anthracene 
molecule  by  the  element  nitrogen  we  obtain  Acridine^  C,,HgN. 

The  relations  of  these  nitrc^enous  bases  to  the  parent  hydro- 
carbons is  shoun  dearly  by  a  comparison  of  the  graphic  formu- 
las : 

CH  CH 

HC    C    CH 

I     II      I 
HC    C    CH 

Naphthalene. 


CH 

HC    CH 

1     'I 
HC    CH 

V 

CH 

Benzene. 


CH  CH  CH 


Y>H 


HC     C 

CH  CH  CH 

Anthracene. 


'I 

c 


I 

CH 


CH 
HCf^CH 

HC    CH 

^/ 
N 

Pxridine. 


CH  CH  CH 

^/\    ^  '\ 
HC    C     C    CH 

I      'I       -^      I 
HC    C     C    CH 


CH  N     CH 

Jkcrttline. 


CH  CH 

nd^  ccH 

I     II    i 

HC    C    CH 

Quinoline. 

I.  Pyridine  Bases. — Pyridine,  C,H,X.  and  several  of  its 
homoKHTues  are  found  in  coal-tar  and  in  the  jiximal  oils  (Dippel's 
o;r  i^M,uned  by  the  distillation  of  booe?.  They  are  also  found 
T*.  ;><*  •.^^^v^ucts  of  the  distillation  of  bcmmmt^as  shales.  Except 
,v ; ,  ;  *N'x  ,r,x^  strong  bases,  they  bear  a  gr^it  analogy  to  die  arc- 
f*..  ,i  s  \xv-^TNVArbons,  and  give  rise  to  sanilar  derivatives.    Thus. 
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It  is  a  strong  base,  throwing  the  hydrates  of  aluminum,  chro- 
mium, and  iron  out  of  the  solutions  of  the  salts  of  these  metals. 
It  has  been  used  in  medicine  as  a  remedy  for  asthma. 

By  the  action  of  metallic  sodium  pyridine  is  polymerized, 
forming  dipyridine^  CjoHjoNg,  together  with  a  compound  analo- 
gous to  diphenyl  (see  p.  730),  known  as  dipyridyl,  C^HJA^ 

Methyl-Pyridines,  C5H4(CH3)N. — ^The  three  isomeric  methyl- 
pyridines,  known  also  as  **  picolines,'*  are  found  in  coal-tar.  The 
/^-compound  may  also  be  prepared  from  acroleln-ammonia,  or 
from  strychnine,  by  distilling  with  lime.  Liquids  of  unpleasant, 
penetrating  odor. 

Ethyl-  and  Propyl-pyridines  are  both  known.  The  latter,  we 
shall  see,  bears  a  close  relation  to  the  natural  alkaloid  conine. 
Thus,  conyrine,  CgHi^N,  which  is  obtained  on  heating  conine 
with  zinc-dust,  and  which  yields  conine  again  when  treated  with 
HI,  is  a-normal-propyl-pyridine. 

Dimethyl-pyridines,  C^^^^CH^Jt^. — In  bone-oil  and  tar-oil 
three  isomeric  compounds  of  this  formula,  known  also  as  "luti- 
dines,  * '  have  been  found. 

Trimethy I -pyridines,  C5H,(CH3)3N. — These  compounds, 
known  as  *  *  collidines,  *  *  are  found  in  bone-oil  and  obtained  from 
cinchonine  by  heating  with  potash. 

Pyridiiie-carboxylic  Acids, — While  pyridine  itself  is  quite 
stable  and  resists  the  action  of  oxidizing  agents,  its  homologues, 
like  those  of  benzene,  are  very  readily  oxidized,  yielding  the 
corresponding  carboxylic  acids.  Three  mono-carboxylic  acids, 
C5H4N.COOH,  are  known, — viz.,  a  ^<6A—picolinic acid,  melting 
at  135°  ;  /?  acid — nicotinic  acid,  melting  at  231°  ;  and  r  add— w^- 
nicotinic  acid,  melting  at  309®.  These  acids  may  be  obtained  by 
the  oxidation  of  the  a-,  /?-,  and  T'-picolines  respectively  with  po- 
tassium  permanganate.  The  ?  acid  is  also  obtained  by  the  oxi- 
dation of  the  alkaloid  nicotine  by  different  oxidizing  agents.  On 
heating  with  lime  the  above  acids  yield  pyridine,  just  as  benzoic 
acid  yields  benzene  under  similar  conditions. 

Of  the  six  possible  di-carboxylic  acids,  CgHjN.CCOOH)!.  ^ 
are  known.  The  only  ones  requiring  mention  are  quinolinic ad^^ 
obtained  by  the  oxidation  of  quinoline  and  cinchomeronk  acid, 
the  chief  product  of  the  oxidation  of  quinine  by  nitric  acid,  as 
well  as  from  cinchonine  along  with  other  products.  Of  the  p)'^^" 
dinc-tricarboxylic  acid,  C5HjN(COOH)3,  two  may  also  be  men- 
tinned  :  hydioxycinchomeronic  acid,  obtained  from  quinine,  quim- 
dine,  and  cinchonidinc    by  boiling  with  an  alkaline  solution  of 
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potassium  permanganate,  and  berberanic  acid^  obtained  from  ber- 
berine  when  oxidized  by  nitric  acids. 

Hydrogen-addition  Prodiuts  of  Pyridine, —]ust  as  benzene, 
C^H^,  b  capable  of  taking  up  six  hydrogen  atoms  and  yielding 
hexahydrobenzene,  C^H^.  H^,  so  pyridine  may  take  up  six  hydro- 
gen atoms  and  yield  hexahydropyridine  ox piperidine^  C5H5N.  H^. 
This  compound,  in  addition  to  being  produced  synthetically,  as 
above  mentioned,  is  obtained  by  the  decomposition  of  the  alka- 
loid piperin  of  pepper,  which,  under  the  influence  of  alcoholic 
potash,  splits  into  piperidine  and  piperic  acid.  An  important 
synthesis  of  piperidine  is  also  that  from  pentamethylene-diamine, 
as  shown  : 

CH.<8B-,lS{l;ZSS'.         =       CH.<g{|jz8H:>NH    +    NH,. 

Pentamethylene-diamine  -•  Piperidine  +     Ammonia. 

Piperidine  is  a  colorless  liquid,  boiling  at  106^,  easily  soluble 
in  water  and  alcohol,  and  of  a  peculiar  peppery  odor.  It  is  a 
strong  base,  and  forms  crystallized  salts. 

Two  of  the  natural  alkaloids  may  be  mentioned  here,  as  they 
are  hydrogen-addition  derivatives  of  pyridine. 

Conine^  C3H17N,  is  dextro-rotatory  a-normai propyi-piperidi?ie, 
C^ix^{C^^),  This  is  the  poisonous  principle  of  the  hemlock 
{Conium  maculatum)^  and  is  found  chiefly  in  the  seeds.  Color- 
less liquid,  of  stupefying  odor,  boiling  at  166^.  Easily  soluble 
in  ether  and  alcohol,  more  difficultly  in  water.  It  has  been  made 
synthetically  by  Ladenburg  from  a-allyl-pyridine,  which,  reduced 
by  sodium  in  alcoholic  solution,  yields  an  optically  inactive,  nor- 
mal propyl-piperidine,and  this  by  the  crystallization  of  its  tartrate 
is  split  into  a  dextro-rotatory  variety  (the  true  conine)  and  a  laevo- 
rotatory  variety.  Hydrogen  iodide  reduces  it  at  a  high  heat  to 
normal  octane,  CgH^g,  while  nitric  acid  oxidizes  it  to  butyric  acid. 

Piperidine,  as  well  as  conine,  can  be  methylated,  and  the 
products  are  known  as  methyl-piperidine  and  methyl-conine. 
The  latter  is  also  found  in  the  hemlock  with  conine. 

Nicotine^  CjoHj^N,,  the  alkaloid  of  tobacco,  is  hexahydro-dipy- 
ridyl^  ^Y^^O^t)^v  ^^  exists  in  the  tobacco  plant  combined 
with  malic  and  citric  acids.  Pure  nicotine  is  a  colorless,  oily 
liquid,  turning  brown  in  the  air ;  soluble  in  water,  alcohol,  and 
ether,  of  stupefying  odor,  and  boiling  at  250°  with  decomj)osi- 
tion.  It  is  intensely  poisonous.  When  oxidized  yields  nicotinic 
(/9-pyridine-carboxylic)  acid,  and  by  loss  of  hydrogen  dipyridyl, 
(C.H.N).. 
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TropinCy  the  decomposition  product  of  the  alkaloids  Atropine 
and  Hyoscyamine,  is  also  a  hydrogenated  pyridine  derivative. 

Cocaine  and  Ecgoniney  its  decomposition  product,  are  simi- 
larly derivatives  of  these  hydrogenated  pyridines. 

2.  Quinoline  Bases. — By  the  dry  distillation  of  organic  sub- 
stances, such  as  bituminous  coal  and  bones,  is  produced  a  series 
of  bases  known  by  this  name.  The  same  bases  are  also  obtained 
in  the  distillation  of  quinine  and  cinchonine  with  potash.  A 
number  of  synthetic  methods  have  also  been  found  for  their 
preparation,  of  which  may  be  mentioned  : 

{a)  By  heating  acroleln-aniline  quinoline  is  formed,  just  as  the 
heating  of  acrolein -ammonia  yields  pyridine. 

(Jf)  By  the  oxidation  of  allylaniline  with  heated  oxide  of  lead : 

CeHa.NH(CsH5)    +    O,    =    Z^^"^    -f    aHjO. 

(r)  By  heating  aniline  with  glycerin,  concentrated  sulphuric 
acid,  and  nitrobenzene.  This  method  (discovered  by  Skraup)  is 
that  now  employed  for  the  manufacture  of  quinoline.  24  parts 
of  nitrobenzene,  38  parts  of  aniline,  1 20  parts  of  glycerin,  and 
100  parts  of  concentrated  sulphuric  acid  are  taken  and  heated,  at 
first  carefully,  and  then  for  several  hours  with  inverted  condenser. 
The  mixture  is  now  diluted  with  water,  and  the  nitrobenzene  dis- 
tilled off.  Caustic  soda  is  then  added  to  strong  alkaline  reaction, 
and  the  quinoline  distilled  off  in  a  current  of  steam.  In  this  re- 
action the  sulphuric  acid  first  dehydrates  the  glycerin,  producing 
acrolein,  which  then  unites  with  the  aniline  to  form  the  quinoline 
molecule  with  the  elimination  of  hydrogen.  The  nitrobenzene 
furnishes  the  oxygen  to  combine  with  this  hydrogen,  and  is  itself 
reduced  to  aniline.     The  reactions  may  be  summarized  thus : 

2CeH5.NH8    +    CeHft-NOa   -f    aCsHeOs   =   3C9H7N   -f    nH,0. 

By  using  the  homologues  of  acrolein  in  the  first  of  these 
methods  instead  of  acrolein  we  obtain  the  homologues  of  quino- 
line, as  methyl-quinoline  (quinaldine),  dimethyl-quinoline,  etc. 

The  constitution  of  the  quinoline  molecule  has  already  been 
referred  to  and  illustrated.  That  it  contains  the  benzene  nucleus 
is  shown  by  its  syntheses  from  aniline  and  nitrobenzene  ;  that  it 
contains  a  pyridine  nucleus  joined  with  this  is  shown  by  the  fact 
that,  when  oxidized  by  potassium  permanganate,  quinoline  yields 
pyridine-dicarboxylic  (cinchomeronic)  acid. 

Quinoliiic,  CgH^N,  is  a  pale-yellowish  liquid  with  considerable 
refracti\'e  power  and  a  characteristic  aromatic  odor.  It  boils  at 
237°,  and  has  a  specific  gravity  of  1.084.    Only  slightly  soluble  in 
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^water,  easily  soluble  in  alcohol,  ether,  chloroform,  and  petroleum 
"benzene.  It  is  darkened  in  color  on  exposure  to  light.  It  is  a 
base,  and  forms  a  series  of  crystallizable  and  deliquescent  salts. 
Among  these  may  be  mentioned  : 

Quinoline  Hydrochlorate^  C9H7N.  HCl,  forms  a  colorless,  deli- 
quescent salt,  easily  soluble  in  water,  with  a  biting  and  sharp 
taste. 

Quirwline  Tartrate ,  2>^^^^^,^(C^fi^.  —  This  salt  forms 
white,  rhombic  needles,  which  have  a  slight  odor  of  bitter-almond 
oil,  and  taste  sharp  and  peppermint-like.  It  is  permanent  in  air, 
and  fuses  at  125°.  It  is  moderately  soluble  in  water,  more  diffi- 
cultly soluble  in  alcohol,  and  almost  insoluble  in  ether.  It  is 
extensively  used  in  medicine  as  an  antiseptic  and  antipyretic. 

Quinoline  Salicylate^  C9H7N.C7H9O3,  forms  a  whitish,  crystal- 
line powder,  not  very  soluble  in  water,  easily  soluble  in  alcohol^ 
ether,  benzene,  vaseline,  fats,  and  glycerin.  It  is  used  in  medi- 
cine as  the  tartrate,  and  in  similar  amounts. 

Homologues  of  Quinoline,  —  The  methyl  group  may  replace 
H  in  either  the  benzene  nucleus  or  the  pyridine  nucleus  of  the 
quinoline  molecule.  The  compounds  so  obtained  are  isomeric. 
Thus,  the  compound  obtained  by  the  replacement  of  a  hydrogen 
atom  of  the  pyridine  nucleus  by  methyl  is  known  as  quinaldine^ 
and  is  found  in  coal-tar.  When  oxidized  by  chromic  acid  it 
yields  quinoline-carboxylic  acid.  On  the  other  hand,  the  com- 
pound obtained  by  the  replacement  of  a  hydrogen  atom  of  the 
benzene  nucleus  by  methyl  is  known  as  Toluqiiinoline^  and  has 
only  been  obtained  synthetically.  When  oxidized  it  yields  pyri- 
dine-dicarboxylic  acid.  By  heating  quinaldine  with  phthalic 
anhydride  and  chloride  of  zinc  is  obtained  a  phthalein  of  the 

composition  QH^  ]  a-q  [  CH.CgH^N.  It  is  known  as  **  quino- 
line yellow,"  and  is  insoluble  in  water,  and  difficultly  soluble  in 
alcohol.  On  sulphonation  with  fuming  sulphuric  acid  is  obtained 
a  disulphonic  acid,  the  sodium  salt  of  which  is  known  as  "  soluble 
quinoline  yellow." 

Oxy-quinolines, — Those  derivatives  which  have  the  OH  group 
replacing  hydrogen  of  the  benzene  nucleus  have  a  phenol-like 
character,  and  unite  with  diazo  salts  to  form  azo  dye- colors.  On 
the  Other  hand,  those  oxy-quinolines  which  contain  the  OH 
group  in  the  pyridine  nucleus  are  called  carbosty riles. 

Hydrogen  Addition  Compounds, — Nascent  hydroj^en  from  tin 
and  hydrochloric  acid  produces  dihydro-qninoline,  CgHgN,  melt- 

48 
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»ng  at  i6i®,  and  a  liquid  tetrahydro-quinoline,  C^Hj^N,  boiling  at 
245°.  By  the  action  of  methyl  iodide  upon  this  latter  is  obtained 
methyl'tetrahydro-quinolme^  the  acid  sulphate  of  which  was  intro- 
duced into  medicine  as  an  artificial  febrifuge  under  the  name  of 
**kairoline." 

Similarly,  the  oxy-quinoline  before  mentioned  is  converted  by 
the  action  of  tin  and  hydrochloric  acid  into  oxy'tetrahydro-quino- 
line,  and  by  the  action  of  either  methyl  or  ethyl  iodide  upon  this 
were  obtained  bases  of  febrifuge  power.  The  hydrochlorate  of 
ethyl-oxytetrahydro-quinoline  was  known  as  **kairine  A,"  and 
that  of  methyl-oxytetrahydro-quinoline  as  ''kairine  M.*'  They 
were,  perhaps,  the  first  of  the  artificial  febrifuges,  but  are  no 
longer  in  use,  being  accompanied  by  injurious  after-effects. 

Isomeric  with  the  methyl-oxytetrahydro-quinoline,  C9H9(0H)- 
N.CH3,  is  the  base  tetrahydro-paraquinanisol,  Q^^JS^O\^^ 
the  sulphate  and  tartrate  of  which  have  been  introduced  into 
medicine  under  the  name  of  **  thalline,**  because  of  the  emerald- 
green  color  produced  in  its  solution  by  ferric  chloride.  It  is  used 
as  an  antipyretic,  antiseptic,  and  antifermentative. 

Other  quinoline  derivatives  that  have  been  proposed  for  use 
in  medicine  are  **diaphtherine,'*  a  compound  of  one  molecule 
of  orthophenol-sulphonic  acid  (aseptol)  with  two  molecules 
of  ortho-oxy-quinoline  ;  **analgene,**  ethyoxy-ana-monobenzoyl- 
amido-quinoline^  C9H,(OCjH,).NH.COCeH,.N,  recommended 
as  a  febrifuge  and  antineuralgic  ;  and  **orexine,"  the  chlor- 
hydrate  of  phenyldihydro-quinazoline,  Ci4Hi^Nj.HCl  +  2H,0, 
which  has  been  recommended  as  a  stomachic  and  stimulant 
to  digestion. 

QuinoUne'Carboxylic  Acids, — Among  the  mono-carboxylic 
acids  of  the  formula  CeH^N.COOH  may  be  mentioned  quinal- 
di'nii  acidy  obtained  by  oxidizing  quinaldine  and  cinchoninic  a  A 
oSMineii  by  oxidizing  cinchonine  with  potassium  permanganate 
xv.  :vi:ric  acid.     When  distilled  with  lime  it  yields  quinoline. 

A 1  r;«»  wnic  Acid  is  an  oxy-quinoline-carboxylic  acid.    It  occurs 

'  .'o  ;:::no  of  dogs.     Quininic  Acid,  CeHa(OCH3)N.C00H,  is 

i"',    ''.\h\  '.-phenol  etherof  another  oxy-quinoline-carboxylic  acid. 

'.    ^  .  . ,.;  .u\i  by  oxidizing  quinine  and  quinidine  with  chromic 

'    >.'.^huric  acid  solution.     Quinoline-dicarboxylic  acids, 

\  v\'*v^H\,  are  also  known. 

i  Acridine  and  its  Derivatives. — Acridine,  C13H9N,  has 
X  v  ...\  \v^  c\:>!aii\evi  and  its  relationship  to  anthracene  stated 
v^^sv  \\  ~  t^' .     h  is  found  in  co;d-tar  and  in  the  crude  anthracene 
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extracted  therefrom.  It  has  been  made  synthetically  from  di- 
phenylamine,  formic  acid,  and  zinc  chloride  : 

CHO 
CeH5-NH-CeH.    +    HCOOH    =    CeH^v    |    .C^U^    +    H/>. 

Diphenylamine        +        Formic  Acid    *«    Formy!>diphenyIainine. 

This  compound  then  breaks  up  into  acridine  and  water : 

CHO  xCHv 

CeH^^/C«H.    =r    CeH4<(^j>CeH4    +    H.O. 

Acridine. 

It  forms  colorless  needles  or  scales,  fusing  at  107^-1 11^.  Scarcely 
soluble  in  water,  easily  soluble  in  ether,  alcohol,  benzene,  car- 
bon disulphide,  etc.  It  is  a  base,  and  dissolves  in  dilute  acid  with 
a  beautiful  green  fluorescence.  Acridine  irritates  the  skin  and 
mucous  membranes,  whence  the  name.  Among  its  derivatives 
are  several  important  dye-colors,  such  as  chrysaniline^  which  is 
the  nitrate  of  diamido-phenylacridine,  and  bemoflavine^  which  is 
an  isomer  of  the  other. 


CHAPTER  VIII. 

THE  ALKALOIDS   AND   PTOMAINES. 

The  term  alkaloid  has  been  applied  to  a  number  of  ph}'aolog- 
ically  active  principles  occurring  in  the  vegetable  kingdom,  and 
this  common  occurrence  was  emphasized  more  than  any  general 
chemical  character.  It  is  true  it  was  recognized  that  they  were 
nitrogenous,  and  that  they  acted  as  derived  ammonias  in  their 
method  of  forming  salts,  but  for  a  long  time  nothing  more  defi- 
nite could  be  said  with  regard  to  their  chemical  nature.  It  is 
now  recognized  that,  while  the  great  majority  of  these  are  dem- 
tives  of  the  basic  compounds  pyridine  and  quinoline,  just  noticed 
in  the  preceding  pages,  there  are  also  methane  deriN-atives  among 
them,  as  caffeine  and  theobromine,  which  are  related  to  uric  add, 
and  that,  besides  the  occurrence  of  these  important  bases  in  the 
plant  kingdom,  substances  answering  to  many  of  the  alkaloid 
tests  are  produced  in  the  decay  of  animal  tissue,  giving  rise  to 
the  so-called  **  cadaveric  alkaloids,"  or  ptomaines.  It  remains 
true  of  all  these  classes,  however,  that  we  have  to  do  with  de- 
rived ammonias,  either  amines  or  amides,  and  this  feature,  to- 
gether with  their  physiological  activity,  must  be  taken  to  con- 
stitute the  basis  of  their  claim  to  the  name  alkaloid,  whether 
synthetically  formed,  as  conine  now  can  be,  or  found  in  the  vege- 
table or  animal  kingdom  only.  The  termination  ine  has  been 
made  uniform  for  them  as  expressing  their  basic  charaaer  and 
their  derivation  from  ammonia. 

Classification  of  the  Alkaloids. — Leaving  the  animal  alka- 
loids for  subsequent  consideration,  we  find  that  the  vegetable 
;^lkaloids  may  be  divided  into  two  classes  :  those  which  are  liqu^^ 
m\k\  v<Matile,  and  those  which  are  solid  and  non- volatile.  At  the 
^.'iTiit  time  we  find  that  with  this  physical  distinction  corresponds 

.  r'  :t<roiHx  in  chemical  composition,  — viz.,  the  liquid  alkaloids 
-' t  .NMitain  oxygen,  while  the  solid  alkaloids  are  oxygenated 

^   '»  -      Av  the  liquid  alkaloids  are  very  limited  in  number,  ^^ 

•    -    C  ^^v*ping  is  necessary  for  them.     For  the  solid  alkaloids 

'"        ^   %^;u>d  convenient  to  group  them  in  addition  according 

'  ^^*t  or  family  of  plants  in  which  related  alkaloids  are 
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soda  is  then  treated  with  ammonium  chloride,  and  shaken  with 
amyl  alcohol  in  order  to  extract  morphine.  The  solution  contain- 
ing ammonium  chloride  is  evaporated  and  extracted  with  strong 
alcohol,  which  may  yield  solanine,  berberine,  etc.  This  method 
of  Stas  and  Otto  was  next  modified  by  Rodgers  and  Girdwood, 
who  employed  chloroform  instead  of  ether,  and  by  Uslar  and 
Erdmann,  who  recommended  the  use  of  amyl  alcohol. 

2.  Method  of  DragcndorfF.— This  method  is  the  most  com- 
prehensive one  as  yet  proposed,  and  is  in  most  general  use.  It 
is  given  in  oudine  :  The  material  to  be  investigated  is  extracted 
with  dilute  sulphuric  acid.  The  extract  which  contains  the  alka- 
loids as  sulphate  is  evaporated  and  precipitated  with  alcohol.  It 
is  then  filtered  and  the  alcoholic  filtrate  evaporated.  The  acid 
solution  is  then  extracted  in  succession  with  petroleum  ether, 
benzene,  and  chloroform.  The  portion  undissolved  is  made  alka- 
line with  ammonia  and  then  extracted  in  succession  with  petro- 
leum ether,  benzene,  chloroform,  and  amyl  alcohol.  Seven 
extractions  are  thus  made,  which  may  be  tabulated  as  follows  : 

I.  Extractions  from  acid  solutions  : 

(a)  With  petroleum  ether :   piperine,    and,  in   addition, 

carbolic,  salicylic,  and  picric  acids. 
(^)  With    benzene  :   cantharidin  and  digitalin,  berberine 

and  colchicine. 
(^)  With  chloroform  :  narcotine,  picrotoxin,  and  digita- 

lein. 

II.  Extractions  from  alkaline  solutions  : 

(^i)  With  petroleum  ether :  nicotine,  conine,  quinine,  and 

some  strychnine. 
(6)  With  benzene  :  quinine,  atropine,  cocaine,  strychnine, 

brucine,  veratrine,  and  thebaine. 
*    (^)  With  chloroform  :  a  little  morphine,  papaverine. 
(d)  With  amyl  alcohol :  morphine,  solanine,  narceine. 

3.  Sonnenschein*s  Method. — In  this  method  the  material  is 
sicidified  with  dilute  hydrochloric  acid,  and  then  phosphomolybdic 
acid  is  added,  which  precipitates  all  the  alkaloids.     The  precipi- 
tate is  warmed  with  baryta  water,  when  the  volatile  alkaloids  may 
be  distilled  off.     The  solution,  after  filtering  off  the  barium  pre- 
cipitates, k  fi'eed  from  barium  by  addition  of  carlx>n  dioxide,  and 
the  aqueous  solution  is  then  investigated  by  the  methods  of  either 
Stas-Otto  or  Dragendorff.     The  objection  to  this  method  is  that 
the  treatment  with  barium  hydrate  may  cause  decomposition  in 
lome  of  the  active  principles  present. 
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4.  Method  of  Brieger. — This  is  diie 
the  ptomaines  if  present  in  a  suspected  m 
treated  with  hydrochloric  acid  to  convert 
and  then,  after  a  prehminary  clarifying  0 
sary,  with  lead  acetate,  the  ptomaines  ari 
curie  chloride  solution.  Most  of  these  bi 
(tetanine  is  an  exception),  and,  after  su! 
water  and  freeing  it  from  mercury  by 
ptomaines  are  obtained  in  the  form  of  do 
platinic  chlorides,  and  tested  by  experimi 

The  special  description  of  the  more  i 
now  be  taken  up  on  the  basis  of  the  sin 
made. 

Volatile  Alkaloi 

As  the  simplest  of  the  naturally  occu 
mentioned  mtihylamine  and  trimetkylai. 
found  at  times  in  the  vegetable  king;dom 
ucts  of  decomposition  of  animal  tissue 
been  noted  and  their  varied  occurrence  di 

Piperidine,  C,H,N.  H„  has  been  fount 
pepper  as  a  decom  posit  ion -product  of  pi 
been  ilescrihcd  iindiT  the  name  of  hex. 
750- 

Conine.  C,H„N  (or  C,H„(C,H,)N).- 
fcrrcd  to  as  a-nonnal-propyl-piperidine, 
rotatory  variety  of  the  same,  having  beei 
Ladenburg. 

Conine  is  the  |X)isonous  alkaloid  of  the 
u/aluin'),  and  is  an  oily  liquid  of  a  peculii 
colurkss  when  freshly  prepared,  but  be 
matdy  retinoid  on  keeping.  It  is  solubli 
water,  and  is  readily  dissolved  by  alcoho 
hoi.  ether,  chloroform,  petroleum  ether, 
strong  biise  and  neutralizes  acids  perfec 
of  ciinine  with  chromic-acid  mixture,  nor 
diiced.  The  reaction  may  be  employed 
butyric  acid  is  readily  recognized  by  its  o 

Associated  with  conine  in  the  conium 
imiiortant  bases:  Conhydrine.  CbH,,N 
isonnrii-  with  the  former ;  tnethyUonin 
pipnidhic.  C,HibN. 


THE  ALKALOIDS  AND  PTOMAINES.  761 

■ 

Conine  is  an  extremely  powerful  paralytic  poison,  which  acts 
on  the  motor  nerves ;  one  drop  is  a  distinctly  poisonous  dose, 
-while  ten  drops  may  be  fatal. 

Nicotine^  Cj^Hj^Ny — This  alkaloid  has  been  referred  to  and 
stated  to  be  hexa-hydro-dipyridyl.     It  is  the  poisonous  prin- 
ciple of  tobacco,  in  which  it  exists  combined  with  malic  and  citric 
acids  in  amounts  ranging  from  about  i  per  cent,  to  7  per  cent. 
of  the  dry  leaf.     The  nicotine  is  a  colorless,  oily  liquid  of  sp.  ^, 
I. on  at  15**,  which  on  prolonged  exposure  to  air  becomes  yellow 
and  ultimately  resinous.     It  has  a  strong  and  unpleasant  odor, 
recalling  that  of  tobacco,  a  sharp,  caustic  taste,  and  is  intensely 
poisonous.     It  is  soluble  in  water  and  alcohol,  but  is  extracted 
from  its  aqueous,  alkaline  solutions  by  agitation  with  ether,  chlo- 
roform, benzene,  amyl  alcohol,  or  petroleum  naphtha:     Nicotine 
is  precipitated  by  Mayer's  reagent  from  very  dilute  solutions. 
On  adding  mercuric  chloride  to  a  solution  of  nicotine,  a  white, 
cr\-stalline  precipitate  is  produced,  soluble  in  dilute  hydrochloric 
or  acetic  acid.    This  is  the  most  characteristic  reaction  of  nicotine. 
From  conine,  nicotine  is  distinguished  by  its  odor,  by  being 
heavier  instead  of  lighter  than  water,  and  by  its  reactions  with 
mercuric  chloride,  platinic  chloride  (yellowish,  crystalline  precipi- 
tate), and  picric  acid  (yellow,   amorphous   precipitate  turning 
cr>'stalline).     The  poisonous  effects  of  tobacco  when  taken  into 
the  stomach,  it  is  agreed,  are  entirely  due  to  the  nicotine.    When 
tobacco  is  smoked,  the  greater  part  of  the  nicotine  is  con\erted 
into  pyridine  and  other  decomposition-products  ;  some,  however, 
escapes  decomposition,  as  Melsens  has  proved  the  presence  of 
unchanged  nicotine  in  tobacco  smoke  in  a  proportion  ecjual  to 
about  one-seventh  of  that  present  in  the  original  tobacct).     \'ohl 
and  Eulenberg  have  concluded  from  their  experiments  that  the 
intense  action  of  tobacco  smoke  on  the  ner\ous  system  is  not 
due  to  nicotine  at  all,  but  to  the  presence  of  the  bases  of  the 
pyridine  series. 

Piturim\  CijHjgNj. — The  volatile  alkaloid  of  pituri  1  the  dried  kaws 
of  Duhoisia  Hopwoodii^  a  shrub  j^nnvini::  in  Australia  was  rej^^ardcd  by 
Petit  as  identical  with  nicotine,  hut  its  individual  character  was  uslah- 
lished  by  Liversidjje.  In  chemical  characters  and  pliysiolo.i^ical  eH'ects  it 
l>ears  a  close  resemblance  to  nicotine,  but  can  Ik*  distin^^iished  l)y  jj^ently 
wanning  it  with  hydrochloric  acid.  Nicotine  so  heated  turns  violet,  while 
pituri ne  does  not  chanj2:e  at  all. 

Loheline  is  the  active  principle  of  Lobelia  inffafa,  or  Indian  t<)l)acco. 
Paschkis  and  Smita  obtained  thv.-  alkaloid  as  a  viscous  oil  with  an  odor  at 
once  resembling  honey  and  tobacco. 


762  ORGANIC  CHEMISTR 

Sparteine,  CnH^Nj,  is  obtained  from  the  1 
and  branches  of  broom  {Spartium  scofiariun 
liquid,  boiling  at  287°.  Il  has  a  somewhat  pun 
very  bitter  taste,  and  on  exposure  to  air  tunv 
soluble  in  alcohol,  ether,  and  chloroform,  bti 
ether.  When  oxidized  with  potassium  permai 
acid,  together  with  a  non-volatile,  pyridine-carti 
with  lime  >ields  pyridine. 

^igeiine  is  the  active  principle  of  Spigrli 
root."  It  was  obtained  as  a  volatile  alkaloid  1 
milk  of  lime. 

NoN- Volatile  Alkal 

I.  The  Belladonna  Alkaloid  Grou 
alkaloids  exist  in  the  plants  of  the  femil 
been  named  atropine  and  belladonine, 
donna,  hyoscyamine  and  hyoscine,  from  / 
supposed  daturine,  from  Datura  stratm 
from  Duboisia  myoporoides,  have  been 
with  atropine  and  hyoscyamine  respective 
are  distinguished  by  a  remarkable  powe 
and  hence  are  often  termed  the  "  mydriati 
bases,  atropine,  hyoscyamine,  and  hyos 
isomeric,  and  hyoscyamine,  it  is  found, 
pine  by  prolonged  heating  above  its  fusin; 
of  alkalies. 

Atropine  (Daturine),  C„H„NOg,  Atro 
to  the  class  of  tropeines,  or  compound 
CgH^NO.  When  the  natural  alkaloid 
chloric  acid  or  baryta  water,  it  is  decompoi 
ing  to  the  reaction  : 


CitHmNOs 


ibN' 


The  preferable  method  of  effecting  the 
alkaloids  is  to  heat  the  alkaloid  with  sa 
60°  or  80°  for  a  few  hours.  When  the  1 
an  acid,  especially  concentrated  hydrochlc 
loses  the  elements  of  water,  and  atropi< 
On  the  other  hand,  the  tropic  acid  and  m 
hydriilysis  of  cither  atropine  or  hyoscya 
gethir  at  100°  with  dilute  hydrochloric  ac 

Pure  atropine  fonns  white,  acicular  ( 
having  a  bitter,  acrid  taste,  and  gradually 
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2.  The  Cinchona  Alkaloids. — ^The  barks  of  the  Cincfum 
Caiisaya,    Cinchona  officinalis^  and  of  hybrids  of  these,  are, 
according  to  the  U.  S.  Pharmacopoeia,  the  sources  of  quinine  and 
its  associated  alkaloids,  containing  not  less  than  5  per  cent  ot 
total  alkaloids,  of  which  2.5  per  cent,  is  quinine.     The  maximuta 
percentage  of  quinine  seems  to  have  been  reached  in  the  Ci^' 
chona  Lcdgeriana,  grown  in  Java  in  1876,  which  v-idded  13.25  ^^^ 
cent,  of  quinine.    These  barks  contain  some  32  natural  alkaloicfbi 
and  in  the  processes  of  extraction  and  purification  some  8  aA.^^* 
tional  bases  are  formed  by  alteration  of  the  naturally  occurrm>t^& 
ones. 


The  list  of  naturally  occurring  cinchona  alkaloids,  as  given  by  A. 
Allen,  on  the  authority  of  Paul  and  Cownley,  is  as  foUov^-s  > 

III.  Quinine  class: 


<c 


«« 


I.   Cinchonine  class  : 

Paricine,  CieHxsNjO. 
Cinchotine,  CieH^N^CX 
Cinchonamine, 
Hydrocinchonine, 
Hydrocinchonidine,  " 
Cinchonine,  CxeH^N^Q. 
Cinchonidine,  " 

Homocinchonidine,  ** 
Cinchonicine, 
Paytine,  C2iH94NaO. 
Paytamine, 

II.  Qtiinaviine  class  : 

Quinamine,  CieH^NgO^ 
Conquinamine,        " 

Javanine, . 

Cupreine,  CxoHssNgCV 


«< 


«< 


t< 


<« 


Hydroquinine,  C^H^^JC 
Hydrcx)uinidine,        " 
Quinine,  C^qH^NsOs. 
Quinidine, 
Quinicine, 

TV.  Qisconine  class  : 

Chairamine.  CsaH^NsOf. 
Conchairamine, 
Chairamidine, 
Conchairamidine,    " 
Concusconine,  " 

Aricine.  C,3H9aNs04. 
Cusconine,  ^^^^^fi^" 
Cusconidine,        " 
Cuscamine, , 


t( 


«( 


Cuscamidine, 


H. 


V.  Anhydro-bases  : 

Dicinchonicine,  CseH44N4 
Diquinicine,  C4oH4eN40j 

Of  all  this  list,  however,  four  stand  out  as  more  importr 
and  all  four  are  represented  among  official  compounds.     T 
four  are  quinine  and  quhiidiney  which  are  isomers  with  the  fo 
^2o^^24^2^2'  ^'^^  cinchonine  and  cinchonidine y  isomers  with 
formula  CigHagNgO. 

In  the  free  state  these  alkaloids  are  colorless  or  slighdy  yell 
ish  solids,  fusible  but  not  volatile  without  decomposition.     T  ^i^T 
are  .q^enerally  but  slightly  soluble  in  water,  but  more  readily    ^o^* 
ul)U'  in  alcohol,  and  generally  quite  soluble  in  ether  and  cWt>* 
n/orm.     When  soluble  in  these  last  two  liquids,  they  may  he 


.Or 

int, 
ese 
ulii 
X\it 
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a  deep-green  coloration  only.  The  thalleu 
given  by  quinldine  and  cupreine,  but  not  b 
isomers.  It  is  prevented  by  morphine.  Tl 
ture  of  iodine  to  a  solution  of  acid  sulphate 
alcohol,  a  compound  is  produced  known  a; 
composition  4C^H„N,0„3H^04,2HI,I,  H 
called  also  "  iodo -sulphate  of  quinine,"  is 
of  similar  compounds  formed  by  the  actii 
sulphates  of  the  cinchona  bases.  It  is  on 
water  or  dilute  alcohol,  but  is  soluble  in  boil 
cent.,  and  is  deposited  on  cooling  in  tabul 
dichroic,  and,  as  before  stated,  when  in  th 
power  of  polarizing  light.  Herapathite  is  i 
nine  sulphate  by  treatment  with  sulphurou! 
hydrogen  sulphide,  and  other  reducing  ag 
sulphate  of  quinine  is  much  less  soluble  tha 
compounds  of  the  other  cinchona  bases,*  it 
by  de  Vrij  as  a  basis  for  the  determination  < 

While  the  complete  synthesis  of  quinine 
effected,  it  has  been  made  from  the  accom) 
preine  of  the  Cinchona  cuprea.  When  cup 
hoi  solution  is  treated  with  metallic  sodium 
in  a  sealed  tube  under  pressure,  the  folk 
place : 

CiBHjjNjO.ONa    +    CH,C1    =    NaCl    + 

Two  basic  substances  isomeric  with  quinine  ha 
thetically  ;  one.  discovered  by  C.  A.  Kohn,  was 
hydroxy-hydroquinoline  with  ethylene  dibromid' 
C,H,o(OH|NCaH4.NCeH„(OH);  the  other  wa 
and  Otto  by  the  action  of  ^-naphthylamine  on 
according  to  the  reaction  : 

C,oH,NHs     +     CioHiaO.NOCl     =     HO 

The  salts  of  quinine  that  are  official  at 
phate,  the  bisulphate,  the  hydrobromate,  thi 
the  valerianate.  With  reference  to  the  fi 
necessary  to  note  that  the  cinchona  bases 
sulphates, — viz.,    neutral   sulphates,  with    I 

■■  The  solubilhies  of  the  iodosulphales  of  the  prim 
in  ncidiilatcd  nkuhol  al  15°  are  a.t  follows :  Quinine  he 
cinihimidint.-  hernpathilo,  i  ill  91  parts ;  quinidine  h 
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RjHjSO^,  and  acid  or  bisulphates,  with  the  formula  RH^SO^. 
The  former  of  these  have  a  neutral  reaction  to  litmus  and  methyl- 
orange,  and  are  in  general  sparingly  soluble  in  water,  while  the 
second  class  are  generally  readily  soluble. 

Quinine  Sulphate,  (CaoHj^N,Oj,),HjS0^.7H,0  (Quinina 
Sulphas,  U.S. P.). — This,  the  staple  salt  of  quinine,  is  generally 
made  on  a  large  scale  direct  from  the  cinchona  barks.  For  its 
preparation  the  following  process,  differing  but  slightly  from  that 
given  in  the  U.  S.  Pharmacopceia  of  1870,  may  be  used. 

Because  of  the  fact  that  the  naturally  occurring  salts  of  the  alkaloid, 
the  quinate  and  quino-tannate,  are  only  moderately  soluble,  the  pow- 
dered bark  is  repeatedly  extracted  with  cold  water  acidified  with  dilute 
sulphuric  acid.  The  several  extraction-liquors  are  then  united,  super- 
saturated with  milk  of  lime,  and  the  precipitate,  consisting  of  the  cin- 
chona bases,  the  calcium  salts  of  sulphuric,  quino-tannic,  quinic,  and 
quinovic  acids  and  other  substances,  is  washed,  pressed,  and  slowly  but 
completely  dried.  This  dry  precipitate  is  then  repeatedly  boiled  with 
strong  alcohol,  and  the  clear  extraction-liquid  allowed  to  cool  to  separate 
a  portion  of  the  difficultly  soluble  cinchonine.  The  liquid  separated  from 
these  crystals  is  then  exactly  neutralized  with  sulphuric  acid  and  the  alco 
hoi  distilled  off.  On  cooling,  there  separates  out  the  greater  part  of  the 
quinine  sulphate,  which  is  difficultly  soluble  in  water  and  dilute  alcohol, 
while  the  more  soluble  sulphates  of  cinchonine,  cinchonidine,  quinidine, 
quinamine,  etc.,  with  a  small  quantity  of  quinine  sulphate,  remain  in  the 
mother  liquor.  To  further  purify  the  separated  quinine  sulphate,  after 
pressing,  it  is  dissolved  in  boiling  water,  decolorized  with  a  little  bone- 
black,  and  the  solution  allowed  to  stand  again  to  cr>'stallize.  This  opera- 
lion  may  be  repeated,  if  necessary.  The  quinine  sulphate  remaining  in 
the  mother  liquor  may  be  recovered  by  evaporating  the  solution  to  dr>'- 
ness,  decomposing  the  sulphate  with  sodium  carbonate,  washing  the  free 
base  which  separates,  dissolving  it  in  the  amount  of  dilute  sulphuric 
acid  needed  for  exact  neutralization,  and  cr>'stallizing  it  out. 

Instead  of  using  ethyl  alcohol  for  the  extraction,  kerosene  oil  has  been 
used  in  England,  and  amyl  alcohol  (fusel  oil)  quite  extensively  in  this 
country. 

The  official  sulphate  forms  loose,  white,  needle-like  crystals  of 
a  somewhat  silky  lustre,  which,  however,  is  easily  impaired  by  its 
tendency  to  lose  water  of  crystallization  and  effloresce  super- 
ficially.    It  is  odorless,  but  of  a  persistent,  very  bitter  taste. 

Quinine  Acid  Sulphate,  Q^^^Jd^M^O^.']W^  (Quininae 
Bisulphas,  U.  S.  P.),  is  readily  formed  by  dissolving  quinine 
sulphate  in  the  calculated  amount  ol  dilute  sulphuric  acid.  It 
forms  colorless,  transparent,  rhombic  cr^'stals  of  a  bitter  taste.  It 
is  soluble  in  10  parts  of  water,  forming  a  solution  which  fluorci^ccs 
strongly  blue  and  shows  acid  reaction.     It  loses  its  water  of  crys- 
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tallization  at  ioo°  C,  and  at  135°  it  melts  and  is  converted  into 
the  isomeric  quinicine  bisulphate,  which  in  dilute  sulphuric  add 
solution  has  a  yellow  color  but  no  blue  fluorescence. 

Qia'nhie  Hydrobromate,  C„H^N,0,,HBr.H,0  (Quinina 
Hydrobromas,  U.  S.  P.)»  forms  light,  white,  silky  needles, 
odorless,  but  with  a  very  bitter  taste.  It  is  soluble  in  54  parts 
of  water  at  15°.  The  salt  is  neutral  or  faintly  alkaline.  The 
aqueous  solution  when  acidulated  with  sulphiuic  acid  shoal's  a 
fine  blue  fluorescence. 

Quinine  Hydrochloraie,  C„H^N,0,,Ha.2H,0  (Quinina 
Hydrochloras,  U.  S.  P.),  forms  white,  silky,  asbestos-like  cn-s- 
tals  which  become  anhydrous  at  120°.  It  is  soluble  in  34  parts 
of  water  at  15°  and  in  3  parts  of  alcohol.  The  dilute,  aqueous 
solution  shows  some  little  fluorescence,  which  becomes  stronger 
on  adding  dilute  sulphuric,  acid. 

Quinine  Valerianate,  CaoH^N.O^CjHioO^H.O  (Quininae 
Valerianas,  U.  S.  P.),  forms  colorless,  triclinic  plates,  having 
a  pearly  lustre  and  a  faint  odor  of  valeric  acid.  It  is  not  deli- 
quescent. It  is  soluble  in  100  parts  of  water  at  15**  and  in  5 
jxirts  of  alcohol. 

Ferri  et  Quinins  Citras,  U.  S.  P.,  and  Fcrri  ct  Quinina 
Citras  Solubilis,  U.  S.  P.,  are  oflicial  scale  preparations. 

Quinidine  (Conquinine),  CjoHg^N^Oa,  is  an  isomer  of  quinine, 
and  occurs  frequently  in  cinchona  barks.  It  is  present  to  a  con- 
siderable extent  in  commercial  **quinoidine'*  (chinoidine).  The 
free  base  crystallizes  from  alcohol  in  large,  monoclinic,  efllorescing 
nocdles,  containing  2^  molecules  of  water.  It  gives  the  thai- 
K'iocjuin  reaction  like  quinine  and  shows  a  blue  fluorescence  in 
ilihite  sulphuric-acid  solution,  but  is  dextro-rotatory  and  is 
sparingly  soluble  in  ether,  two  points  of  difference. 

Quinidine  Sulphate  {Q^\i^^0^JA^0^,2\iJd  (Quinidina 
Sulphas,  U.  S.  P.),  crystallizes  in  white,  silky  needles  or  prisms, 
whic'^  rotjuire  100  parts  of  water  or  8  parts  of  alcohol  for  solu- 
tion. This  salt  differs  from  the  sulphates  of  the  other  cinchona 
alkaloids  in  recjuiring  a  temperature  of  120°  to  render  it  anhy- 
ihiuis,  ami  in  readily  taking  up  the  water  again  in  moist  air. 

Cinihotiim\  CieHaaNjO  (Cinchonina,  U.  S.  P.).— This  base 
is  iiuariahly  [^resent  in  cinchona  barks.  When  the  bases  are 
crystalli/cd  from  alcohol,  the  cinchonine,  being  the  least  soluble, 
(k'j)osits  first.  It  crj'stallizes  in  anhydrous,  shining  prisms  or 
luedlis,  which  melt  at  165°.  It  is  almost  insoluble  in  cold  water, 
reciuirinii  37^o  parts  at  15°  and  3500  parts  at  a  boiling  tempera- 
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ucts.      The    mixed  bases    are  boiled   with   hydrochloric  aol 

whereby  they  all  suffer  hydrolysis  with  formation  of  ecgOLiat: 

then  by  passing  dry  hydrochloric  acid  into  a  solution  of  eq^oxux 

hydrochloride  in  methyl  alcohol,  the  hydrochloride  of  tc^i«rint 

methyl-ester   is   formed,  which,  on  concentrating  the  alcabok 

solution,  crystallizes  out  in  prisms.     Cocaine  is  formed  wbec  i» 

compound  is  heated  on  the  water-bath  with  an  equal  wdgic  f 

benzoyl  chloride  until  the  mixture  becomes  homogeneouf  anc 

the  evolution  of  hydrochloric  acid  ceases.     The  mdted  waat  t 

poured  into  water  and  separated  from  the  insoluble  benzoic  uad 

when  the  cocaine  is  precipitated  by  ammonia  and  reorstaliacc 

from  alcohol.     The  artificial  alkaloid  possesses  all  the  propena 

of  the  natural  cocaine. 

Cocaine  crystallizes  from  alcohol  in  colorless,  manodmc 
prisms,  melting  at  97*^-98**.  It  is  very  slightly  sohiblt  m  wane: 
but  readily  soluble  in  alcohol,  ether,  chloroform,  benzent.  pern- 
leum  spirit,  and  carbon  disulphide.  Cocaine  is  lap\'CHratainn.. 
Its  chief  use  in  medicine  is  as  a  local  anaesthetic. 

Cocaine  HydrocklaraU.  C^H^NO^.HCl  (Cocaiiue  Hyto- 
chloras,  U.  S.  P.  u — It  forms  colorless,  transparent  an-srat  ofa 
saline  taste  and  producing  upon  the  tongue  a  tii^ling  sensatniL 
followed  by  a  numbness  of  some  minutes*  duration,  h  b*  readB^ 
soluble  in  water  and  alcohol,  difficultly  soluble  in  ether.  A:  19;^ 
k  mdts  with  paitial  sobtimatioa. 

4.  Tbe  Opiom  Alkaloids.  —  Opium  contsdns,  besides  tr 
twc"  inilnegent  ccmpoaods  wuamoisin^  C^H^i^O^  and  wucms. 
r  "^  \>  a  "^eries  ot  alkaloids  which  occur  for  tbe  mns:  pan 
-,iTT>hss?c  w^  mecj^x^  m>L    The  complete  list  of  tbt  onii» 


Cryptopine,  C^HatNCV 
Rhceadine.  C^H^jNO, 
Narcotine,  Ca,HjBN(*T 
^  Ox>Tiarcotme,  C^H^^j^ 

XI JV  ^      Narceine,  C^tHa^N^v 

.^a:^*^  Pseudomorphim:.  C^K^VO^ 

*,^X.\  '     Gnoscopine.  CaiHip\s(>i: 

^  '^fc^V.'^^  ,     Tritopine,  C^HmS^*- 

HydrocotamiiK:.  CuHifVi^ 


-.-.•--khtnr  ii^  i^ir5  present  in  opinr.  in  iaBB* 

.     ---,    .     The  amount  of  narrodnt  tn^^J 

N*    --f  n;    ;ha:  flf  papaverine  from  a5  *>  i  ^ 
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cent.,  that  of  codeine  from  0.2  to  0.8  per  cent.,  that  of  thebaine 
from  0.2  to  0.5  per  cent.,  and  that  of  narceine  from  o.  i  to  0.4 
per  cent.  The  other  bases  are  less  important,  and  are  found 
in  relatively  small  amount.  Besides  these  bases,  opium  contains 
some  resin  and  caoutchouc-like  bodies,  fat,  wax,  gum,  coloring 
matter,  inorganic  salts,  and  water. 

Opium,  U.  S.  P.,  is  the  concrete,  milky  exudation  obtained 
by  incising  the  unripe  capsules  of  Papaver  somni/erum  Linn6 
(nat.  ord.  Papaver acea)^  yielding  in  its  normal  moist  condition 
not  less  than  9  per  cent,  of  **  crystallized  morphine,*'  when  as- 
sayed by  the  official  process  (see  Part  V.,  Opium  Assay).  The 
opium  used  for  pharmaceutical  purposes  is  mainly  the  Smyrna  or 
Turkey  opium,  the  Persian  and  East  Indian  varieties  being,  how- 
ever, worked  on  a  large  scale  for  the  extraction  of  alkaloids. 

Morphine,  C^Hi^NO,  +  Hj,0  (Morphina,  U.  S.  P.),  forms 
**  colorless  or  white,  shining,  prismatic  crystals  or  fine  needles 
or  a  crystalline  powder,  odorless,  and  having  a  bitter  taste, 
permanent  in  air.*'  It  loses  its  water  of  crystallization  at  120°  C. 
It  is  difficultly  soluble  in  water,  somewhat  more  soluble  in  alco- 
hol, insoluble  in  ether  and  benzene.  Its  aqueous  solutions  are 
laevo-rotatory. 

Morphine  when  distilled  with  zinc-dust  yields  pyridine,  quino- 
line,  pyrrol,  and  phenanthrene.  It  is  considered  to  be  a  deriva- 
tive of  a  hydrogenized  phenanthrene  combined  with  morpholine, 

^'"^'^CH  CH  -^^^     ^^  contains  two  OH  groups,  of  which  one 

seems  to  be  phenolic  and  the  other  alcoholic  in  character.  In 
codeine  (methyl  morphine)  the  hydrogen  of  the  phenol  OH  has 
been  replaced,  and  in  methocodeine  the  hydrogen  of  the  alcoholic 
OH  also. 

Color  Reactions  of  Morphine. — A  small  fragment  of  a  cr>'stal  of  mor- 
phine tested  with  the  follounng  reagents  will  give  color  reactions  more  or 
less  characteristic : 

1.  With  a  drop  of  perfectly  neutral  solution  of  ferric  chloride  or  iron- 
alum  is  obtained  a  deep  greenish-blue  color  changed  to  green  by  excess 
t)f  the  reagent 

2.  Nitric  acid  (1.42  sp.  gr.)  will  turn  the  fragment  of  morj>hine  an 
orange-red  color,  which  changes  to  yellow  on  heating,  and  is  destroyed 
on  adding  sodium  thiosulphate. 

3.  Morphine,  when  pure,  yields  uith  pure,  concentrated  sulphuric  acid 
in  the  cold  either  no  color  or  at  most  a  faint  pink  rolor.  On  heating  to 
15CJ®,  a  dirty-green  (or  rose-red  1  color  is  developed.  On  alkming  it  to 
cool  and  diluting  with  water,  a  greenish-blue  color  is  pnxluced. 


^-'w  1. 


X,  Tut  aiiraiiZfL  ic  jnirpmot  xr  sjOCEStnted  sulphuric  acid,  with  a 
t  ticta:  i&zii.  IT  iinisssiiiiL  mraie:  adckd.  gives  a  red  coloration  ti&vn- 
'j.;  trinrr. 


5.  TTjr^itz  *■  T*aiptsc  psc^  rTiii  *nc  jaed  solpburic  add  which  conta.iiis 
:  ::ix   Ti'.firizi  :r  HxnniuminL  ixiuinrbdsse  to  the  cc)  gives  with  morphine 


a  fre  vj.utc  :  :u:r    '^an^^  ir,  '^jat  and  doty  green,  and  ultimately   to 


^.  A  =Lf-L!^  :£  akir^dmit  sad  caafc-aigar  i  in  proportion  of  i  to      4] 
:uit^t  1j  I  iDiy^XTKiK:  jg.'ipriir'*  j^sd  viH  give  a  purple  color,  chang^  ng 


I'j  *Jt'^'jCr^td.    Tbt  iOOOcK  <x  a  dnop  <3C  bromine  water  brings  out   'KJie 


Of  the  =aji5  «  syrcrciae  t3>c  ibucmingare  official :  Morphii 
Acetas,  U.  5.  P.,  "c^H^O,.C^O,- 3H,0,    Morphii 
Hydrochloras,  U.  S  P..  C„H^O,.Ha-f  3H.O.  and  M«Dr- 
phiii2c  Sulphas,    C„H^O»,H,SO^  -f  5H.O. 

When  moq:^hf:ieor  &5  h\xlFoch!orate  is  heated  to  140^-1 50*^^  in 
a  aeakd  tube  whh  a  'm^  excess  of  stroi^  hydrochloric  acid^    or 
with  zinc  chlorioe  at  i  lo*.  it  is  converted  into  the  hydrochlo«-ate 
of  apimiorpkiiu,  the  Mmula  of  vhidi  difiers  from  that  of  nncr- 
phine  by  the  elements  of  water. 

The  hydrochk>rate  (Apormorphinae  Hydrochloras,  U.  5. 
P.;,  C„H„NO^HQ,  forms  minute  grayish-white,  acicular  crys- 
tab,  without  odor,  and  of  a  ^ntly  bitter  taste,  and  acquiring  a 
greenbh  tint  on  exposure  to  air  and  l^ht.     It  is  moderately 
soluble  in  water  and  alcohol,  only  slightly  soluble  in  ether  ox 
chloroform.     Codeine,  C,^H„XO^  when  treated  in  a  similar  way 
with  hydrochloric  add,  yields  first  Cj^^ClNO,,  and  then  splits 
off  methyl  chloride  and  leaves  apomorphine,  Cj^Hj^NO,. 

Codeine  is  morphine  methyl-ester,  C„H„NO(OH)OCH,,  and 
has  hxren  made  synthetically  by  heating  morphine  with  methyl 
ioflide. 

Narceine,  Cj^H^NO^,  crj-staUizes  with  2H,0  in  long,  white 
prisms  or  needles.  The  anhydrous  base  melts,  according  to 
Mr  rck,  at  170°-! 71°.     It  has  powerfiil  hypnotic  properties. 

Narcotine,  Cj^H^jNO^,  cr\'stallizes  from  alcohol  or  ether  in 
colorless  needles  or  prisms,  melting  at  170°.  Above  200®  it  is  de- 
composed into  mecoyiin,  CiqHjqO^,  2Ln6coiamtne,  Cj,Hj3NO,.H|0. 

Papaverine,  CjoHgiN04,  is  a  weak  base  of  feebly  narcotic 
properties. 

Thcbainc,  CjgHjjNOg. — It  crj-stallizes  from  strong  alcohol  in 
needles,  which  melt  at  193°.  It  has  a  sharp  and  styptic  taste, 
and  is  a  powerful  tetanic  poison,  producing  symptoms  resembling 
those  of  strychnine. 
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Milintr  puwder  or  groups  of  prismatic  needles.  It  is  more  solu 
-.iicia  strychnine  in  water,  and  very  soluble  in  alcohol.  Bruc 
;>  a  weaker  base  than  strychnine  and  is  not  so  pci.sonous.    Wh 


bl 
in 
"le 


treated  with  concentrated  sulphuric  acid  and  oxidizing  agenti _  _ ^  ; 
docs  not  give  the  color  reactions  seen  with  strychnine.  On  — th 
otliL-r  hand,  with  nitric  acid  of  1.42  sp.  gr.,  brucine  gives  a  bio 
retl  color,  which  on  heating  becomes  yellowish-red  and  yello 

6.  Aconite  Bases. — Aconitum  napcllus  (nionk*s-hoo<l 
wolf's-bane),  Aconituynferox^  and--/.  /v>r^^r/ ('Japanese aeon 
contain  a  number  of  related  alkaloids  which,  accordinjj  to  C. 
Alder  Wright,  are  esters  either  of  benzoic  acid  or  of  a  deriva 
oi  this  acid.  Thus,  when  heated  with  water  alone,  each  of 
crystalline  bases  imdergocs  saponification,  with  formation  of  Lz^en- 
zoic  acid  or  a  derivative  thereof,  together  with  a  new  amorj)h^  ous 
base  which  generally  has  far  less  physiological  activity  than  the 
crystalline  alkaloid  from  which  it  is  derived. 

These  crystalline  alkaloids,  together  with  the  products  oft  Jieir 
hydrolysis,  are  ; 


01 
ite; 

R. 
rive 
the 


Crystalline  Base. 


Amorphous  Base. 


Aconitine,  C83H4»NOig 
(^froni  A,  napeUus), 

Picraconitine, 
CsiH^NOio      (from  I 
A.  pamculatton  /). 

Japaconitine, 

(frt)in  A.  Fischeri), 
Pseudaconitine, 


(from  A.fer 


rox). 


Aconine, 

C,eH4iNOn. 
Picraconme, 
C»«H4iNOg. 

Japaconine, 
2C«,H«NOio. 

Pseudaconine, 
Cj7H4iNOg. 


Acid. 


Benzoic  acid, 

C7ri«(.)2. 
Benzoic  acid. 

Benzoic  acid, 
2C,HeOa. 

Veratric  acid  (dimethyl- 
protocatechuic  acid), 


7.  Veratrum  Alkaloids.— In  the  Veratrum  viride  and  V, 
album  are  contained  several  alkaloids  which  have  been  the  sub- 
ject of  repeated  studies.  The  most  recent  views  indicate  the 
existence  of  the  following  : 

Jennne,  CjaH^jNOg. — Melts  at  237.7**  and  is  slightly  l*vo- 
rotatory. 

Vcratroidine  (Rubijervine),  C3jH53NOg. — Melts  at  149.2*  and 
is  optically  inactive. 

Pseudojennne,  CggH^gNOig. — Melts  at  259.  i®  and  is  optically 
inactive. 

l^rotovcratrine^  CjgHgjNOn. — Melts  with   charring  at  245 
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Protoveratridine^  C^^^O^,     Melts  at  265°  ;  non-poisonous. 

8.  Additional  Alkaloids. — Aspidospermine,  Cj^HgoNaO,  and 
Quebrachine^  CjjiHgjNjjOg,  are  found,  along  with  other  alkaloids, 
in  the  bark  of  Aspidosperma  Quebracho, 

BerberiyUy  Q^^y^O^.^^^Yi^^  is  found  in  the  root  of -^^r- 
beris  vulgaris  and  Hydrastis  canadensis.  It  forms  yellow  nee- 
dles, melting  at  1 20°.  When  fused  with  caustic  potash  it  yields 
quinoline.  Associated  with  it  in  Hydrastis  canadensis  is  the 
alkaloid  Hydrastine,  CjiHgiNO^,  which  forms  colorless  prisms, 
melting  at  132°,  and  Ca^iadine,  Q^^^^O^^  which  forms  white, 
shining  crystals,  melting  at  134°. 

Physostigmine,  CigHa^NgOj,,  is  found  in  Physostigma  veneno- 
mm  (Calabar  bean).  It  forms  colorless  or  pinkish  crystals,  only 
slightly  soluble  in  water,  soluble  in  alcohol  and  ether.  Two  of 
its  salts  are  now  official,  Physostigmins  Salicylas,  U.  S.  P., 
and  Physostigminse  Sulphas,  U.  S.  P. 

Pilocarpine,  C^Hj^NaOa,  is  an  alkaloid  found  in  the  several 
varieties  of  Pilocarpus,  It  is  a  crystalline  alkaloid  first  found  in 
Jaborandi  leaves,  but  since  made  synthetically  by  Hardy  and 
Calmels  from  /^-pyridine-a-lactic  acid  by  first  forming  pilocar- 
pidine,  CjoHj^NgOg,  and  then  converting  this  by  the  action  of 
methyl  iodide  into  pilocarpine.  Two  of  its  salts  are  official, 
Pilocarpinse  Hydrochloras,  U.  S.  P.,  and  Pilocarpinse  Ni- 
tras,  Br.  P. 

Piperine,  C^H^NOg  (Piperinum,  U.  S.  P.),  is  obtained  from 
the  black  and  white  pepper,  in  which  it  is  found  to  the  amount  of 
from  7  to  9  per  cent.  It  is  a  weak  alkaloidal  base,  forming  pale 
yellowish  crystals,  melting  at  130**.  When  heated  with  alcoholic 
potash  it  is  decomposed  into  Piperidine^  CjHuN,  and  Piperic 
acid^  CiaHjoO^.  The  first  of  these  compounds  has  already  been 
noticed  as  hexahydropyridine  (see  p.  751),  and  the  second  is 
related  to  the  oxyacids  of  the  benzene  series,  and  yields  piper- 
onal  (see  p.  718)  by  its  oxidation. 

Piperine  can  be  made  synthetically  by  the  action  of  pipendine 
on  the  acid  chloride,  CiaHgOgCl. 

Animal  Alkaloids,  Ptomaines,  and  Leucomaines, 

While  it  was  pointed  out  as  far  back  as  1820  that  symptoms 
of  poisoning  would  be  developed  by  introducing  into  an  animal 
products  of  decomposing  and  putrefying  organic  matter,  it  has- 
only  been  since  1870,  when  the  Italian  Selmi  published  his  studies 
on  cadaveric  fK>isons,  that  the  subject  has  been  fully  appreciated. 
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He  gave  the  name  of  **  ptomaines"  to  these  [x>isonous  prodi 
of  putrefaction.  In  1884,  Poehl,  of  St.  Petersburg,  in  there] 
of  a  commission  appointed  to  investigate  the  subject,  stated 
following  conclusions  : 

1.  Putrefaction,  fermentation,  and  other  as  yet  indefinite  alt         er- 

ations  of  albuminous  substances  are  accompanied  by  the  gene ^^ra- 

tion  of  alkaloid-like  bodies,  —  ptomaines. 

2.  These  ptomaines  may  be  fixed  or  volatile,  fluid  or  sol  id, 

amorphous  or  crystalline.     They  show  an  alkaline  reaction,  ^         id 
form  salts  with  the  acids  like  the  alkaloids. 

3.  Some  ptomaines  are  tasteless  or  odorless ;  others  poss  ess 
an  intense  bitter  taste  or  aromatic,  sweetish  odor.  Others,  ^g^  in, 
evolve  a  cadaveric  odor,  or  resemble  conine  or  nicotine.  Thr^aey 
are  optically  inactive  bodies.  Their  color  reactions  are  as  — ^-a- 
rious  as  those  of  the  vegetal  alkaloids,  and  often  simulate  thee — n. 

Gautier,  in  1881,  announced  the  presence  of  toxic  alkaloid^^in 
the  excretions  of  animals,  and  gave  to  them  the  name  of  **1   ^u- 
comaines."     His  explanation  of  their  occurrence  is  as  follo^^^'s; 
*  *  While  four-fifths  of  the  products  of  animal  combustion      ^re 
aerobic  formations,  the  remaining  part  of  the  combustion  of    ^he 
animal  economy  takes  place  at  the  expense  of  the  tissues  and   is 
anaerobic,  oxygen  taking  no  part  in  it.     In  a  normal  conditiotm    of 
the  body  a  very  small  proportion  of  muscular  leucomaines  is  fou  nd. 
in  urine.     But  if  the  air  that  reaches  the  blood  be  diminished     in 
quantity,  or  if  the  proportion  of  haemoglobin  be  diminished ,    i*^ 
in  chlorosis  or  anaemia,  or  if  substances  be  introduced  into    tiH* 
blood  which  prevent  haematosis,  substances  of  the  character    <^^ 
leucomaines  or  ptomaines  accumulate  in  the  blood.*' 

Nitrogenous  substances,  not  alkaloids,  which  are  still  poisonc:^  '-^ 
are  also  formed.  These  have  been  named  **  toxalbumens'*  ^^^ 
**albumoses.** 

Among  the  non-oxygenated  liquid   ptomaines  may  be  e^''^'*^' 
merated  : 

Dijnethylamine^    Triethylamine^   Propylamine    (see  p.  62r  ^1^^' 
These  are  monamines. 

In  the  class  of  diamines  (see  p.  630)  we  have  :  PuirescC^^^'^ 
C^HjaNa  (tetramethylene-diamine),  Cadaverijie,  CjHj^Nj  (pen^    ^ 
methylene-diamine).      These  have  both  been  described  on  ^' 

630.     Isomeric  with  the  last  is  Neuridine,  a  non-poisonous  f^  '^' 
maine  from  the  decomposition  of  flesh.  ^ 

Hydrocotlidinc,  Cj^H^gN,  is  a  very  poisonous  ptomaine  foi^ 
by  Ciautier  in  decomposing  horse-flesh.      Coiiidine^  C^H^jN  C*- 


CHAPTER  IX. 

THE  TERPENES  AND  THEIR  DBRIVATIVS8. 

I.    The  Terpenes. 

The  terpenes  are  hydrocarbons  of  the  formula  (C^Hg),.     Bcz^t 
they  and  the  camphors,  which  are  oxygenated  derivatives,  sh- 
a  close  relationship  to  the  aromatic  hydrocarbons,  as  comi 
camphor,  CjoH^^O,  by  the  action  of  certain  dehydrating  age: 
yields  cymene,  C^oHj^,  and  terpenes  of  the  formula  CjoHj^  wl 
heated  with  iodine  are  oxidized  and  yield  the  same  hydrocarl 
^10^14-     ^^  "^*^y  therefore  consider  the  terpenes  as  hydrog 
addition  compounds  of  benzene  hydrocarbons.* 

Characteristic   Reactions. — Besides  the  production  of       -<7- 
mene  by  oxidation,  we  have  other  distinctive  reactions.     '^^The 
terpenes  of  the  formula  C^qH^^  may  add  on  one  or  two  m«zz)le- 
cules  of  a  haloid  acid  (HQ,HBr,HI)  orthe  corresponding  amo   ^^nt 
of  bromine,  showing  that  they  are  unsaturated  and  that  A  Jeir 
molecules  contain  either  one  or  two  double  Unkings  of  car'fcDon 
atoms.     Many  terpenes  also  form  characteristic  compounds  v^th 
nitrous  acid,  called  nitrosites,  such  as  CioHj^NgOj.     These      are 
crystalline  compounds,  and  may  be  availed  of  for  the  separa"C:ion 
of  many  terpenes.     Most  terpenes  also  combine  with  nitrc^^l- 
chloride,  NOCl,  forming  nitrosochloride-terpenes.     These  also    are 
crystalline  compounds,  which  combine  with  oi^nic  bases    lilce 
benzylamine  and  piperidine  to  form  nitrolamines. 

Some  terpenes  form  with  water  crystalline  hydrates,  as  terpin- 
hydrate,  CioHig(Hj,0)a  +  HgO.     This  combination  takes  place 
especially  in  the  presence  of  dilute  nitric  acid  and  alcohol.     The 
terpenes  frequently  polymerize  by  heating  under  pressure  or  hy 
shaking  with  concentrated  sulphuric  acid. 

Many  terpenes  are  optically  active.  Frequently  a  laevo  rotatory 
and  a  dextro-rotatory  modification  of  the  same  terpene  may  be 
obtained,  which,  when  mixed,  yield  an  optically  inactive  variety. 


*  A  full  discussion  of  the  theoretical  views  held  as  to  the  structural  formal^ 
of  the  terpenes  and  their  derivatives  by  Professor  Ed.  Kremers,  in  which 
Baeyer's  proposed  system  of  nomenclature  for  these  compounds  is  given,  will 
be  found  in  "  Proceedings  of  the  American  Pharmaceutical  Association,  i89f 
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sylvestrene  and  dipentene  it  makes  up  the  Russian  and  Swe(H_ish 
turpentine  oils. 

Oil  of  Turpentine  (Oleum  Terebinthinse,  U.  S.  P.)  is  c=ais- 
tilled  from  the  oleo-resin  (crude  or  virgin  turpentine)  obtair-^^ed 
from  Pinus  paiusiris  (ausiralis).  The  European  turpentin^^  t 
chiefly  obtained  from  Pinus  sylvesiris  and  Pinus  maritin^^-a; 
Venice  turpentine  from  Larix  Europaa  ;  the  Strassburg  turp-^sn- 
tine  from  Pinus  picea ;  Canadian  txirpentine  or  Canada  bal^^^am 
from  Abies  balsamea. 

The  oleo-resin  is  distilled  with  steam,  whereby  the  terpenes  ci3is- 
til  over,  leaving  as  a  residue  colophony  resin,  which  accompam.  ied 
the  essential  oil  in  the  original  exudation. 

The  crude  oil  may  be  further  rectified  according  to  the  Ph^ar- 
macopoeial  process  by  distilling  with  lime  water.     It  then  fo^Tns 
a  *'  thin,  colorless  liquid,  of  characteristic  odor  and  taste,  bothi  of 
which  become  stronger  and  less  pleasant  by  age  and  exposure  iq 
the  air.''      Sp.  gr.  0.855  to  0.870.     It  boils  when  rectified  at 
160°.     It  is  almost  insoluble  in  water,  easily  soluble  in  alcoAo/ 
and  ether.     It  dissolves  resin,  caoutchouc,  sulphur,  phosphorus, 
etc.    Turpentine  oil,  like  many  other  mixtures  of  terpenes,  readi/y 
al>Si>rbs  oxygen,  and  hydrogen  dioxide  is  formed.      The  oH  is 
then  cajxible  of  turning  guaiacum  tincture  blue,  liberating  iodine 
U\^m  pi^tassium  iodide,  and  producing  other  reactions  character- 
istic of  oxone  and  hydrogen  dioxide.     Strong  nitric  acid  inflames 
the  vmU  but  oxidized  by  dilute  nitric  acid  it  yields  acids  of  hoth  the 
nu^thane  series,  like  butyric,  propionic,  acetic,  and  oxalic,  and 
the  Ivnxone  series  like  terephthalic  and  para-toluic.    Treated 
with  brvMuine  or  iodine  it  yields  cymene. 

The  American  and  Russian  turpentine  oils  are  right-rotatory, 
the  Kreneh.  Carman,  and  Venetian  oils  are  left-rotatory.  These 
vUrterenct^  are  due  to  the  existence  of  the  right  and  left  rotatory 
\  vU  ietie>  v>f  pinene.  Inactive  pinene  may  be  obtained  by  heating 
the  pinene  nitrvv>ochloride  with  aniline,  whereby  NOCl  is  split  off. 

Piiieae  unitt^  with  one  molecule  of  HCl  to  form  Pinene  hydro- 
i'L'c^id<i\  Cj^Hj^CK  a  white  solid,  melting  at  125°,  and  resembling 
evimphor  in  appearance  and  odor,  whence  the  name  ** artificial 
eauiphv>r."  It  is  insoluble  in  water,  soluble  in  alcohol.  Wh^" 
heatevl  w  ith  sixips  or  weak  alkali  it  splits  oflf  hydrochloric  acid 
ai^ain  and  leaves  camphene,  C^qHi^. 

When  turpentine  oil  stands  in  contact  with  water,  especially 
in  the  presence  of  nitric  acid  and  alcohol,  it  unites  with  three 
molecules  ot    water  to  form   a  hydrate,  Cj,jHig(OH),  +  H|0, 
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known  as  Terpin  Hydrate  (Terpini  Hydras,  U.  S.  P.).  This 
is  in  colorless  rhombic  prisms  of  slightly  aromatic  and  some- 
ixrhat  bitter  taste,  melting  at  ii6°-ii7°.  The  anhydrous  terpin^ 
CioH^(OH)g,  obtained  in  this  fusion,  or  by  drying  over  sulphuric 
acid,  has  somewhat  of  a  glycol  (or  diatomic  alcohol)  character. 
When  distilled  with  dilute  sulphuric  acid  it  loses  a  molecule  of 
water  and  yields  terpineol^  Q^^y^(^OW),  an  oil  of  hyacinthine 
odor  which  is  used  in  medicine.  Still  further  heating  changes  it 
into  a  mixture  of  dipentene,  terpinene,  and  terpinolene,  all  ter- 
penes  of  the  formula  CjoHj^. 

When  sulphuric  acid  is  allowed  to  stand  in  contact  with  oil  of 
turpentine,  and  the  mixture,  after  a  day's  standing,  is  heated  to 
boiling,  the  oil  is  changed  into  an  optically  inactive  mixture  of 
terpenes  known  as  Terebene  (Terebenum,  U.  S.  P.).  The  Phar- 
macopceia  states  that  terebene  **  consists  chiefly  of  pinene,  and 
contains  not  more  than  very  small  proportions  of  terpinene  and 
dipentene,"  while  Dr.  F.  B.  Power,  as  the  result  of  a  recent  re- 
search, states  that  it  consists  chiefly  of  the  hydrocarbons  dipen- 
tene and  terpinene,  with  some  cymene  and  camphene.  The  Phar- 
macopoeia gives  the  boiling  point  as  i56°~i6o°,  while  Dr.  Power 
makes  it  i70°-i85**. 

Camphene  may  be  obtained,  as  already  mentioned,  by  the  de- 
composition of  pinene  hydrochloride  by  soap,  or  with  alcoholic 
potash,  also  from  bornyl  chloride,  CjoHj^Cl.  It  exists  as  dextro- 
and  laevo-camphene.  Camphene  forms  a  solid  crystalline  mass, 
fusing  at  49°,  and  smelling  of  turpentine  and  camphor.  It  is 
more  stable  than  pinene,  but  it  is  oxidized  by  chromic  acid  mixt- 
ure to  common  camphor.  The  addition-compound  formed  with 
one  molecule  of  HCl  is  unstable. 

Limonene. — The  dextro-limonene,  known  also  as  hesperidene^ 
cUrene^  or  carvene^  is  almost  the  exclusive  constituent  of  oil  of 
orange-peel,  and  the  chief  constituent  of  oils  of  dill,  caraway,  and 
crij^eron.  Mixed  with  pinene  it  forms  lemon  oil.  It  boils  at 
175®,  and  forms  a  tetrabromide,  CjoHj^Br^,  fusing  at  104°,  and 
dextro-rotatory  in  character.  It  is  readily  changed  into  inactive 
limonene  or  dipentene. 

Laevo-limcnene  is  found,  according  to  some  authorities,  along 
'^th  laevo-pinene  in  oil  of  Norway  spruce,  although  Drs.  Bertram 
«md  Walbaum.  of  Schimmel  &  Co.'s  laboratory,  state  that  the 
limonene  of  this  oil  is  inactive.  The  dextro-  and  la;vo-limonene 
tetrabromides,  both  fusing  at  104°,  unite  to  form  a  dipentene 
tretrabromide  fusing  at  125^. 
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Dipentene  (^Cinene  ox  inactive  Livwnene)  is  found  in  caju  ;3)ut 
and  camphor  oils  along  with  cineol.  It  is  formed  from  pinery  ne, 
camphene,  limonene,  etc.,  by  heating  these  for  several  hours-  to 
250^-270°.  It  is  also  formed  from  pinene  under  the  influence=^  of 
dilute  alcoholic  sulphuric  acid,  from  terpin  hydrate  by  th**  spi^^lit- 
ting  oft'  of  water,  from  isoprene  by  polymerization,  from  cacz^ut- 
chouc  by  distillation  along  with  isoprene,  and  in  other  ways.  It 

forms  a  pleasant-smelling  liquid  with  an  odor  of  lemons,  boilin^^^  at 
1 75°-i 76®.    It  readily  forms  a  dihydrochloride  and  a  tetrabromE.  ^e, 
both  of  which  have  been  given  in  the  table  (see  p.  779).     I  "^  u 
more  stable  than   pinene.     Its  nitrosochloride,  by  the  splits  ing 
oft  of  hydrochloric  acid,  yields  a  nitrosodipentene,  known  alsdi^a^ 
inactive  carvoxine,  fusing  at  93°. 

Sylvestrene  is  the  dextro-rotatory  constituent  of  Swedish    and 
Russian  turpentine  oils.     It  boils  at  175**,  and  is  one  of  the  most 
stable  of  the  terpenes.     With  acetic  anhydride  and  concentrated 
sulphuric  acid  it  yields  a  fine  blue  color.     Its  dihydrochloride 
fuses  at  72°,  and  is  dextro-rotatory. 

Terpinolene  is  very  similar  to  dipentene. 

Terpinene, — This  and  the  preceding  terpene  both  result  from 
the  isomerization  of  pinene  and  limonene  (see  Terpin  Hydrate,  p. 
781).     Terpinene  forms  a  nitrosite. 

Phellandrene  is  found  in  a  dextro-rotatory  variety  in  oil  0^ 
water-fennel,  and  in  a  laevo- rotatory  variety  in  oil  of  Eiualyptus 
amygdalina.  It  unites  readily  with  nitrous  acid  to  form  a  solid 
nitrosite.  It  is  one  of  the  least  stable  of  the  terpenes,  and  readily 
changes  into  dipentene,  and  when  treated  with  alcoholic  hydro- 
chloric acid  into  terpinene. 

Sesquiterpenes,  CigHg^.— Hydrocarbons  of  this  formula  oc- 
cur in  oils  of  cubebs  and  patchouly,  and  may  also  be  obtained 
synthetically  by  the  heating  of  the  unsaturated  hydrocarbon  val- 
erylene,  CgHg,  to  250°-26o°  under  pressure,  or  by  the  action  0^ 
concentrated  sulphuric  acid  upon  it.     They  are  all  liquid. 

Diterpenes,  CaoHg^. — Such  hydrocarbons  are  found  in  copaiba 
balsam,  and  are  formed  by  the  superheating  of  turpentine  oil. 
Colophenc,  the  residue  formed  in  the  manufacture  of  terebene.  i> 
also  of  this  class.     It  is  a  thick  oil,  boiling  at  318°. 

Polyterpenes,  (CjoH^e),.— These  may  be  obtained  by  the 
polymerization  of  oil  of  turpentine  under  the  influence  of  anti- 
mony trichloride.  They  boil  at  over  250°,  and  are  laevo-rotaton*. 
Tlu'  terpenes  of  caoutchouc  and  gutta-percha  probably  belong  i" 
this  class  also. 
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flame.  Its  sp.  gr.  is  0.985.  The  natural  camphor  is  dextro-ro  -^cDta 
tory  ;  the  artificial  camphor  is  dextro-  or  laevo-rotatory  accordi  -Sdnj 
to  the  character  of  the  camphene  from  which  it  is  prepar^^^^ed 
Under  the  influence  of  phosphoric  oxide  it  splits  off"  water,  yielT  -=ld 
ing  cymene.  Heated  with  iodine  it  yields  carvacrol  (see  p.  jo^SS^) 
As  camphor  combines  with  both  hydroxylamine  and  phen  .^y] 
hydrazine,  it  is  of  ketone  character.     This  is  also  shown  by  it 

relation  to  the  secondary  alcohol  borneol. 

By  the  action  of  bromine  in  proper  proportion  upon  camphc — Ao 
we  obtain  a  bromine  substitution  compound  known  as  ^fr^r  nc 
bromated  Camphor,  CioHjgBrO  (Camphora  Monobromaflr^  .ta 
U.  S.  P.).  This  forms  **  colorless,  prismatic  needles,  with  a  mi^^SId 
camphoraceous  odor  and  taste,  permanent  in  the  air,  unaffect^»nec 
by  light,  and  neutral  to  litmus  paper.  *  *  It  melts  at  76°  and  sl-j^»uI> 
limes  at  a  slightly  higher  temperature. 

Isomeric  with   camphor  are  pinol^  obtained   artificially  fr^  — om 
pinene  ;  absinthol,  contained  in  oil  of  wormseed  ;  fenchol  {ox  fZ 
chone),  contained  in  oil  of  fennel. 

Borneol,  CjoHjaO. — Borneol  (or  Borneo  camphoi)  has 
found  in  the  wood  of  Dryobalanops  aromatica^  and  is  contaii 
also  chiefly  in  the  form  of  esters  in  the  oils  of  rosemary,  Spai 
thyme,  valerian,  citronella,  and  the  different  pine  oils.  Bon^B.  eol 
forms  crystals  melting  at  203°-204°  and  boiling  at  212°,  ^^nd 
possessing  an  odor  recalling  patchouly  and  ambergris.  WM^^en 
common  camphor  is  reduced  by  metallic  sodium,  the  prodi_j^ct, 
commercially  known  as  borneol,  is  a  mixture  of  true  borneol  ^^nd 
iso-borneol.  This  latter  melts  at  212°,  and  has  more  the  odor^  of 
tansy  and  sage.  Among  the  esters  of  borneol  may  be  mentiow'^ed 
boniyl  acetate,  found  in  the  pine-needle  oils,  and  boriiyl  fom^p-'Oif 
and  bornyl  valerianate,  found  in  oil  of  valerian. 

Isomeric  with  borneol  are  cineol  {eucalyptol^^  found  in  oil^  of 
cajuput,  camphor,  lavender,  rosemary,  wormseed,  eucalypt:  us, 
etc. ,  and  terpineol,  found  in  oils  of  cajuput  and  Japanese  valeri  -^n, 
and  made  synthetically,  along  with  cineol,  from  terpin  by  ^^le 
splitting  off  of  water.  By  the  action  of  sulphuric  acid  terpirm^' 
is  changed  into  cineol. 

Isomeric  with  borneol  are  also  linalool dSid geraniol,  two  mona- 
tomic  unsaturated  alcohols,  which  either  by  themselves  or  through 
their  esters  play  a  very  important  part  in  the  composition  of 
many  of  the  essential  oils. 

Linalool,  ^l^^\yf)\\,  is  the  essential  and  fragrant  constituent 
of  oil  of  linaloe,  and  is  found  either  free  or  in  the  form  of  esters 
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III.     The  Essential.  Oils. 

By  the  distillation  of  the  blossoms,  flowere,  and  I 

ints  with  steam  are  obtained  a  class  of  products  It 
tisential  or  volatile  oils.  They  are  distinguished  b 
cal  and  chemical  differences  from  the  fixed  or  fatty  oils.  Thtse 
latter  (see  p.  621)  are  largely  mixtures  of  the  glycenn  esteis 
of  the  fatty  acids,  often  containing,  in  addition,  the  fat  acids  in 
the  free  state.  While  the  essential  oils  show  some  variations  in  . 
their  chemical  composition,  they  are  in  the  main  mixtures  of  vx- 
penes  and  camphors,  although  esters  of  these  latter  occur,  and  it* 
a  few  instances  we  have  aldehydes  and  ketones.  j 

The  fixed  oils  belong  in  the  aliphatic  or  methane  series  »■ 
derivatives,  while  the  essential  oils  all  show  cyclic  or  aromatw^ 
derivatives  among  their  constituents.  The  essential  oils  als-^ 
show  a  tendency  to  absorb  oxygen  on  prolonged  exposure  to  th-^ 
air  and  to  form  resinous  products.  I 

Physically  the  essential  oils  are  characterized  by  their  entir^ 
volatility  without  residue,  while  the  fatty  nils  are  decomposed  b-^ 
heat  before  volatilization  can  be  completed,  and  yield  acrolein  an^ 
similar  products  of  decomposition.  I 

The  specific  gravity  of  the  essential  oils  is  generally  less  thaMi 
that  of   water,    and  hence  they  separate  on  its  surfece  in  th^ 
product  of  the  steam  distillaiion.     They  are  only  very  slightlS 
soluble  in  water,  but  easily  soluble  in  strong  alcohol,  chloroforr 
ether,  benzene,  and  fatty  oils.     They  leave  a  transient  spot  on. 
upon  paper,  while  the  fixed  oils  leave  a  permanent  ' '  grease-spot- 

The  extraction  of  the  essential  oils  from  the  plants  containia 
them  may  be  effected  : 

1.  ^y  distillation,  usually  with  steam,  although  in   rare  c 
without.     A  Florentine  receiver  is  frequently  employed  to  coll« 
the  distillate,  and  by  this  means  the  separation  of  the  light,  1 
layer  from  the  accompanying  water  is  effected. 

2.  By  expression.  This  is  followed  in  cases  where  the  oil  _ 
abundant  and  readily  separable,  as  with  oil  of  lemon,  oranW 
peel,  etc, 

3.  By  extraction  with  solvents.     Tliis  solvent  may  be  a  liquid  j 
fat,  as  in  the  case  of  maceration,  a  solid  fat,  as  in  the  case  of  | 
enfleurage,  or  a  volatile  solvent,  as  in  the  extraction  of  fine  or 
costly  perfumes. 

The  official  essential  oils  and  their  proximate  chemical  o 
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known  as  carvene)  and  dextro-rotatory  carvol.    This  body  is  chemically 
a  ketone  of  the  composition  CX0H14O,  and  is  a  liquid  boiling  at  224^. 

Oleum  Caryophylli,  U.  S.  P.  (Oil  of  Cloves),  is  "  a  pale  yellow,  thin 
liquid,  becoming  darker  and  thicker  by  age  and  exposure  to  the  air,  with 
a  strong  aromatic  odor  of  cloves,  and  a  pungent  and  spicy  taste. '  *    The  oil 


,H,{8-JJf.) 


contains    eugenol   (oxy-methoxy-allyl-benzene,    CeH3'j  OCH3  1  to  the 

\  OH     / 

amount  of  80  to  90  percent.,  and  a  sesquiterpene  termed  caryophylUne^ 

which  boils  at  255°.     Eugenol,  the  chief  constituent,  forms  a  colorless 

liquid  with  the  odor  and  taste  of  cloves.    It  has  a  sp.  gr.  1.072,  and  boils 

at  253°-254°.     It  is  also  found  in  other  essential  oils,  such  as  pimenta, 

bay,  Ceylon  cinnamon,  sassafras,  and  camphor. 

Oleum  Chenopodii,  U.  S.  P.  (Oil  of  Chenopodium,  or  American  Worm- 
seed),  is  a  yellowish  liquid,  with  a  penetrating  odor,  and  pungent,  bitterish 
taste.  It  is  stated  to  contain  a  terpene,  CxoHiet  ^^^  ^  body  of  the  for- 
mula CxoHxaO. 

Oleum  Cinnamomi,  U.  S.  P.  (Oil  of  Cinnamon  or  Oil  of  Cassia). — "  A 
yellowish  or  brownish  liquid,  becoming  darker  and  thicker  by  age  and 
exposure  to  the  air,  with  the  characteristic  odor  of  cinnamon,  and  a 
sweetish,  spicy,  and  burning  taste.*'  It  consists  chiefly  o{  cinnamU  alde- 
hyde^ C8H7.COH,  with  some  cinnamyl  acetate^  C9H9.CSH9O3.  The 
amount  of  cinnamic  aldehyde  should  not  be  less  than  75  per  cent 

Oleum  Copaibs,  U.  S.  P.  (Oil  of  Copaiba),  is  dbtilled  from  the  so- 
called  Balsam  of  Copaiba.  '*  It  forms  a  pale  yellowish  liquid,  with  the 
characteristic  odor  of  copaiba,  and  an  aromatic,  bitterish,  and  pungent 
taste.*'    The  oil  consists  chiefly  of  caryophyllene^  ^is^at* 

Oleum  Coriandri,  U.  S.  P.  (Oil  of  Coriander),  is  distilled  from  the  fruit 
of  Coriatidrum  sativum.  The  oil  contains  linalool  (formerly  known  as 
coriandrol)  and  pinene. 

Oleum  Cubcbae,  U.  S.  P.  (Oil  of  Cubeb),  is  **  a  colorless,  pale  greenish 
or  yellowish  liquid,  having  the  characteristic  odor  of  cubeb,  and  a  wami, 
camphoraceous,  aromatic  taste.*'  The  oil  consists  chiefly  of  cadiuene, 
C15H94,  with  some  dipentene,  and  when  old,  or  distilled  from  old  fruit, 
contains  ctibeb  camphor,  C15H24.H2O. 

Oleum  Erigerontis,  U.  S.  P.  (Oil  of  Erigeron  or  Fleabane),  is  "a  pale 
yellow,  limpid  liquid,  becoming  darker  and  thicker  by  age  and  exposure 
to  the  air,  having  a  peculiar,  aromatic,  persistent  odor,  and  an  aromatic, 
slightly  pungent  taste."  It  consists  chiefly  of  dextro-rotatory  limonene, 
together  with  a  substance  readily  decomposing  or  polymerizing  by  heat 

Oleum  Eucalypti,  U.  S.  P.   (Oil  of  Eucalyptus),  is  *'a  colorless  01 
slightly  yellowish  liquid,  having  a  characteristic,  aromatic,  somewhat  cam^ — 
phoraceous  odor,  and  a  pungent,  spicy,  and  cooling  taste."    The  o& 
from  the  E.  globulus  contains  cineol  (eucalyptol),  dextro-rotatory  pinen^^^ 
and  small  amounts  of  valeric,  butyric,  and  caproic  aldehydes.    The  cW/ 
from  E.  oleosa  (which  is  also  included  as  an  official  source  of  eucalyptus 
oil)  contiins  cineol  and  cuminol.     Both  of  these  eucalyptus  oik  have 
strongly  antiseptic  properties  due  to  the  cineol  (eucalyptol)  contained  in 
them. 
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Oleum  Foeniculi,  U.  S.  P.  (Oil  of  Fennel),  b  distilled  from  the  fruit  of 
FcBmctUum  capillaceum.  It  contains  pinene,  phellandrene,  dipentene, 
Jenchone^  CjoHieO,  and  anethol,  CioHjgO,  the  latter  usually  in  amounts 
of  about  60  per  cent  The  higher  the  temperature  at  which  the  crystals 
of  anethol  separate  the  better  the  quality  of  the  oil.  Oil  of  fennel  from 
different  sources  may  differ,  and  one  or  more  of  the  above-named  con- 
stituents may  be  absent. 

Oleum  Gaultherije,  U.  S.  P.  (Oil  of  Gaultheria  or  Wintergreen),  is  dis- 
tilled from  the  leaves  of  Gaultheria  procufnbens.  The  oil  is  substantially 
identical  with  oil  of  sweet  birch  (see  p.  787),  and  consists  chiefly  of 
methyl  salicylate  with  a  fraction  of  i  per  cent,  of  a  hydrocarbon,  C15H24. 

Oleum  Hedeoms,  U.  S.  P.  (Oil of  Hedeoma  or  American  Pennyroyal), 
distilled  from  the  leaves  and  tops  of  Hedeoma  pulegioides.  The  oil 
contains  pulegone^  CjoHjeO,  together  with  two  ketones  of  the  formula 
CxoHigO  (one  being  apparently  menthone),  and  formic,  acetic,  and 
isoheptoic  acids. 

Oleum  Juniperi,  U.  S.  P.  (Oil  of  Juniper). — It  may  vary  in  optical  prop- 
erties, and  show  either  dextro-rotatory,  laevo-rotatory,  or  inactive  charac- 
ter. It  consists  chiefly  of  pinene,  with  some  cadinene,  Ci5Ha4,  and  an 
undetermined  substance,  probably  an  ester,  to  which  the  peculiar  juniper- 
like odor  and  taste  are  due. 

Oleum  Lavandulae  Flonim  (Oil  of  Lavender  Flowers). — The  oil  con- 
tains linalool,  linaloyl  acetate,  geraniol,  and  a  very  small  amount  of 
dneol. 

Oleum  Limonis,  U.  is.  P.  (Oil  of  Lemon),  is  obtained  by  expression 
from  fresh  lemon  peel,  the  rind  of  the  recent  fruit  of  Citrus  Litnonum.  It 
contains  a  small  amount  of  pinene  with  dextro-rotatory  limonene,  about 
7  to  8  per  cent  oi citral  (see  p.  785),  and  a  small  amount  of  citronellal. 

Oleum  Mentha  Piperitje,  U.  S.  P.  (Oil  of  Peppermint). — "  A  colorless, 
yellowish  or  greenish-yellow  liquid,  becoming  darker  and  thicker  by  age 
and  exposure  to  the  air,  having  the  characteristic  strong  odor  of  pepper- 
mint, and  a  strongly  aromatic,  pungent  taste,  followed  by  a  sensation  of 
cold  when  air  is  drawn  into  the  mouth.*' 

The  result^  of  an  investigation  conducted  in  the  laboratory  of  Fritsche 
Bros,  at  Garfleld,  N.  J.,  show  that  the  composition  of  American  pepper- 
mint oil  is  quite  complex,  the  following  constituents  having  been  noted : 

Acetaldehyde.  Limonene. 

Acetic  acid.  Cineol. 

Isovaleraldehyde.  Menthone. 

Isovalerianic  acid.  Menthol. 

A  liquid  acid,  C8H]209.  Menthyl  acetate. 

Pinene.  Menthyl  i  so  valerianate. 

Phellandrene.  Cadinene. 
A  lactone,  CioHxeO^. 

Oleum  Mentlue  Viridis,  U.  S.  P.  (Oil  of  Spearmint),  is  distilled  from 
the  fresh  herb  of  Mentha  viridis.  The  oil  OQilriHriHP^otatory  carvol 
and  l^evo-rotatory  limonene,  with  possibly 
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Oleam  MyteUe,  U.  a  P.  (Oil  of  Myrcia  or  Oil  of  Bay),  | 
or  bcownbh-yellow  liquid,  having  an  aromatic,  somewhal  d 
and  a  pungent,  spicy  taste.  TTic  oil,  according  to  Mtttm 
penes,  a  considerable  amount  of  eugenol.  a  little  of  t! 
eugcnol.  C,HaiOCHal,.C,HB,  and  apparently  a  dilerp 

Oleum  Mynitioe.  L'.  Su  P.  [Oil  of  NuDneg).  U  distilled  | 
the  seed  of  iMvnilica  /ragraHS  deprived  of  its  t«Sla. 
of  pinene.  wilh  probably  some  dipentene,  also  myrittitol,  fl 
myrtstum,  CuH„0,. 

Gleam  PimenUE.  I'.  S.  P.  ( Oil  of  I^menta  or  Oil  of  A^ 
dblilled  from  pimento,  the  nearly  ripe  frtiit  of  Piiiunta  Oj 
oil  contains  eiiK>^ol  and  a  sesquiterpene. 

Oleum  Roue.  U.  S  P-  (Oil  of  Ro^).  is  dLsllDed  from  tl 
of  j?0M  t/aMWM-nBo.  Oil  of  rose  when  slowly  cooled  to  b 
ii'  becomes  a  transparent  solid,  interspersed  with  n 
scale-like  crystals.  The  liquid  fragrant  portion  of  the  oil  a 
most  part  of  an  alcoholic  body  of  the  compoeiiion  C,s 
first  was  called  rkoHmoi,  but  b  now  recognised  I 
geraniol  (see  p.  7S5).  The  solid  cry^tallizable  portion 
*'  stearopten."  of  the  oil  b  odorless  when  pari:,  and  O 
of  several  hydrocarbons,  one  of  which  melts  at  35.5*  U 
compositiaD  Cg^H^ 

CHeum  Rocmarim.  U.  S.  P.  ftMl  of  Rosematy).  is  "aci 
yellow,  limpid  liquiil.  having  the  characteristic  pnngeat  | 
iiury.  voA  a  w^nn.  somewhat  camphotaceoi  ^  ' 

pinoie.  cineol.  bomeoL  and  camphor. 

Olcom  Sabina,  L'.  S.  P.  ( Oil  of  Sa%-iiie).  is 
Jmmi^tms  sMmx.    The  oil  ccaUains  poKDC and  cadmene,  I 

Olcou  Santali.  U.  S  P.  (Oil  oT  Sa 
frocn  the  wood  of  Samlahnm  mAmm.     Tbe  East  Infian  o 
»Mitol  cowlahw.  according  toChapoteant.  a  body  caBcda 
boiliae  M  300^.  toeetfcer  with  a  smafl 

(  CuHagO,  which  boils  at  310°.  and  is  cooverted  Ij 
r,  CwH,^  boifiog  at  160*. 

Mf  fliMilfc—.  U.SP.  (OilorS«ssafnsl.tsdistiBcd4 
of  the  raot  of  .fittsyfrw*  xwrssM&BK.    The  oa  connsts  c 

(mediylene   cater  of  aUyl-dMuybettaeK).  C.H.-;0^^^ 

liqnidl.  boflnt  at  fran  iji"  to  135*,  tocelher  with  a  veiy  s 
aagcnol  and  a  dextrO'ratalory  hytfrocartna  lennnl  i 
wlacli  is  pnibabljr  tdeaiica]  wiA  pineiM 

otaM  aiMpi*  voiuik.  u.  &  P.  iVobtOe  oa  of  Mk 

fcwB  Mack  wMsagd.  the  seed  of  Jranaiw  "ig".  by  m 
and  sd)A()M«  Astillatiiin.  It  coosistscUcAyaf  dylis 
CS=Nl<yi^  wiik  trx«sof  cHbna  tfinlphide:.  ' 
■  laf  nfee  ^icoade  ■fM^f'im  fa 
I  aafaly  occugriwt  i 
d «a  fa  also aaade  aifaSaa^hf  tnoMite  d 
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latter  of  which  b  used  extensively  in  the  manu&cture  of  printer's 
ink. 

Dammar  (from  Dammar  a  arientalis  and  D,  ausiraits).-l\it 
East  Indian  dammar  is  an  exudation  ;  the  New  Zealand  dammar, 
known  also  as  **  Kauri  resin,*'  is  found  fossil  as  well  as  of  present 
formation.  The  resin  is  harder  than  colophony  ;  only  partially 
soluble  in  alcohol,  more  soluble  in  ether,  chloroform,  and  ben- 
zene. About  I  per  cent,  of  resin  acid  only  is  present  The 
chief  use  is  for  varnishes. 

Copal,  which  is  found  fossil  in  Zanzibar  and  on  the  West  Coast 
of  Africa,  is  the  hardest  of  these  resins,  and  is  especially  valuable 
for  the  manufacture  of  varnishes. 

Amber  (a  fossil  resin  from  Picea  succini/erd)  is  found  along 
the  shores  of  the  Baltic  and  other  localities.  It  melts  at  287.5, 
giving  off  succinic  acid,  and  at  a  higher  heat,  volatile  acids  and 
empyreumatic  oil  of  amber. 

Lxtc  Resin  is  an  exudation  resulting  from  the  puncture  of  trees 
bv  the  female  insect  Coccus  lacca.  The  **  stick-lac"  forms  thin 
branches  covered  with  a  brown-red  resin  ;  **  seed-lac**  is  in  some- 
what rounded  fragments  detached  from  the  twigs;  "shellac"  is 
the  purified  resin  solidified  in  thin  layers  of  amber  to  brown 

Gmaiai^  Resin  is  an  exudation  from  the  bark  of  the  Guaiacum 
(^mctHkile^  or  melted  out  of  the  heart  wood  by  heat.  Its  alcoholic 
^>lunon  is  colored  blue  on  the  addition  of  ferric  chloride,  chlorine, 
chrv^mic  acid,  and  other  oxidizing  agents.  The  resin  fused  with 
caustic  poMsh  yields  protocatechuic  acid.  Destructively  distilled, 
it  yields  ^uaLK»l,  creosol  (see  p.  710),  and  other  products. 

l^ci^x.*m*s  S.\\k/  is  a  red  resin  obtained  as  an  exudation  from  the  fruit 
i>f  CaJumAS  Jru*rKK  ijjowing  in  Sumatra,  Borneo,  and  adjacent  islands.  It 
may  cv>iuain  benxoic  and  cinnamic  acids  in  small  amount.  It  is  used  in 
cv»!orcvl  vanusheii  and  x'arious  preparations. 

Jf.:j.^\,'  v>Lisiiche>  is  obtained  as  an  exudation  from  incisions  in  the  bark 
ot  /\s^kw:j  .Vnf.^ViTijr^  and  is  collected  in  the  island  of  Scio.  It  contains 
from  I  to  2  y^r  cent,  of  volatile  oil,  together  with  two  resins.  It  is  used 
for  cements  and  varnishes. 

S^nJjn:.  is  alsi.>  ol>tained  as  an  exudation.  Is  used  chiefly  for  var- 
nishes of  the  alcohol  or  spirit  class. 

Benzoin  ^tVom  Stvrax  Benzoin)  is  obtained  from  Sumatra, 
Java,  and  Slam.  It  has  an  aromatic,  acrid  taste  and  an  agreeable 
l>alsaniic  odor,  and  contains  from  12  to  20  or  24  per  cent  ofbcn- 
zoic  acid,  cinnamic  acid,  and  several  resins,  which,  fused  with 
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caustic  potash,  yield  para-oxy benzoic  acid,  protocatechuic  acid, 
and  pyrocatechin. 

Xanthorrhaea  Resin  (Acaroid  or  Botany  Bay  Resin)  is  obtained  in  Aus- 
tralia from  Xanthorrhcea  hasiilis.  It  contains  benzoic  acid,  some  cinna- 
mic  acid,  and  resins.    Is  used  in  the  preparation  of  varnishes. 

2.  Oleo-resins  and  Balsams. — The  oleo-resins  are  mixt- 
ures of  resins  and  volatile  oils.  Those  liquid  or  soft  products 
which  contain  benzoic  and  cinnamic  acids,  in  addition  to  the 
resin,  are  generally  given  the  special  designation  of  balsams. 

Turpentines  {Terebinthiyia), — Under  this  heading  may  be  in- 
cluded the  oleo-resins  known  as  common  or  American  turpentine 
(from  Pifius  australis  and  P,  tadd),  French  or  Bordeaux  tur- 
p>entine  (from  P,  maritinux),  Canada  balsam  (from  Abies  bal- 
samed)^  Strassburg  turpentine  (from  Abies  pectinatd),  Venice 
turpentine  (from  Larix  Europced)^  and  Russian  turpentine  (from 
Pinus  sylvesiris  and  P,  Ledebourit).  The  composition  of  these 
several  natural  mixtures  has  already  been  stated  under  Oleum 
Terebinthinae  (see  p.  780). 

Burgundy  Pitch  (Pix  Burgundica,  U.  S.  P.)  and  Canada 
Pitch  (Hemlock  Pitch)  are  both  natural  oleo-resins,  the  former 
exuding  from  incisions  in  the  Abies  exceisa,  and  the  latter  from 
Tsuga  Canadensis, 

Wood  Tar  (Pix  Liquida,  U.  S.  P.),  on  the  other  hand,  is  a  product  of 
the  destructive  distillation  of  the  wood  of  the  different  species  of  Pinus, 
It  is  a  very  complex  mixture,  containing  pyroligneous  acid,  acetone,  and 
methyl  alcohol,  toluene  and  several  of  its  homoiogues,  naphthalene,  py- 
rene,  chrysene,  paraffine,  phenols,  and  their  esters. 

Juniper  Tar  (see  Oil  of  Cade,  p.  787)  and  Birch  Tar  are  similar  prod- 
ucts of  destructive  distillation. 

Copaiba  Balsam  (Copaiba,  U.  S.  P.)  is  the  oleo-resin  of 
Ccpaiba  Langsdarfii^  and  contains,  besides  the  sesquiterpene 
caryophylieney  resins,  of  which  one,  copaivic  acid^  CjqHjqOj,  is 
crystalline. 

JEJemi  is  an  oleo-resin  exuding  from  incisions  in  Canarium  commune^ 
in  the  Philippine  Islands.  It  contains,  besides  volatile  oil,  a  mixture  of 
resins  (brein,  amyrin,  bryoiden,  breidin,  and  elemic  acid). 

Gurjun  Balsam  (Wood  Oil)  is  a  liquid  exudation  from  the  species  of 
Dipterocarpus,  and  contains  volatile  oil,  said  to  be  identical  with  oil  of 
copaiba,  and  resin. 

Peru  Balsam  (Balsamum  Peruvianum,  U.S.  P.)  is  of  a 
syrupy  consistence  and  reddish-brown  color,  with  a  balsamic  and 
smoky  odor.     The  oily  liquid  which  separates  on  agitation  with 
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caustic  potash,  called  cinnamein,  is  made  up  of  benzyl  alcohol, 
benzyl  benzoate,  and  benzyl  cinnamate.  The  resin,  which  is  ad- 
mixed with  the  oil,  yields  by  dry  distillation  benzoic  and  cinnamic 
acids,  styrene,  and  toluene,  together  with  styracine  (cinnamyl 
cinnamate). 

Tolu  Balsam  (Balsamum  Tolutanum,  U.  S.  P.)  is  a  balsam 
obtained  from  Toluifera  Balsamum^  a  tree  growing  in  Venezuela 
and  New  Grenada. 

The  balsam  is  at  first  semi-solid,  but  becomes  harder  by  age. 
It  contains  benzyl  benzoate  and  cinnamate,  free  benzoic  and  cin- 
namic acids,  tolene^  ^u^i^y  ^"^  ^^^  resins,  which  make  up  over 
80  per  cent,  of  the  balsam. 

Liquidambar  (Sweet  Gum)  is  an  exudation  from  Liquidambar  sfyraci- 
Jf$ia,  It  is  a  thick  brownbh-yellow  liquid  or  solid  resin.  It  contains  a 
mixture  of  cinnamic  esters,  the  hydrocarbon  styrol  (or  dnnamene),  C|H» 
and  two  resins  known  as  o-storesin  and  ^-storesin. 

St€*ra,v  (Styraz,  U.  S.  P.)  is  a  balsam  obtained  fix>m  Liquid- 
mmAar  orint/a/is.  The  principal  constituent  is  staresin^  Q|H»- 
(OH  "^^  and  its  cinnamic  ester.  Several  other  esters  of  cinnamic 
*ot\!,  a  little  \*anillin,  and  styrol  or  cinnamene  are  the  other  con- 

3.  Gum-resins. — These  are  milky  exudations  from  plants, 
juKt  cv>atuin  gum  which  is  wholly  or  partly  soluble  in  water  and 
tvsia  ^4uMe  in  alcohoL  Many  gum-resins  also  contain  essential 
oil  vV  this  dass  are  AsafeHda  (Asafcetida,  U.  S.  P.>.  It  is  a 
^ui«  r^n  i>btained  from  the  root  of  Ferula  faetida.  It  contains 
tuun  ji  to  g  j^er  cent,  of  volatile  oil  (containing  sulphur).  20  to  30 
I VI  vV'^c.  v4f  ^m,  and  50  to  70  per  cent,  of  rean.  This  latter 
cv»iU<iiii>  jt  Uttle  ferulaic  acid  (see  p.  729),  on  dry  distiBation 
\  cMs  uiutvllilt'ron,  and  frised  with  caustic  potash  gh-es  resorcjn 
livl  i.»iv»uvjit<x''huic  acid. 

K'.i.fhi'tu'H  IS  ji  ^umnresin  brought  from  Persia.  It  cootaass  inai^to 
g  ^vi  vvs't  v>t  \v>Utile  oil.  gum,  and  from  60  to  66  per  cenL  of  s^sia.  '^ 
uitu  r  .1  so  viciv!s  umbelliferon,  CgHeOs,  on  distillatioo.  and  resucda  <» 

nuiv»i>  \\»th  ».\u!stic  pi^tash. 
Kti^,t^'H:im  IS  a  vt*r>*  closely-related  gum-resin. 

Amms.>ft!Ui:  ^Ammoniacum,  U.  S.  P.). — A  gum-resnuoctBarf 
trvuw  Pcn^ma  ammoniaaim.  It  contains  volatile  off  ice  &* 
sulphur"^,  .liuni.  and  resin.  It  does  not  yield  maA^BStsva  oo 
distillation,  but  does  yield  resorcin  and  prococaieidbibr  Asid  <* 

iusion  with  caustic  potash. 
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Olibanum  (or  Frankincense)  is  a  gum -resin  exuding  from  the 
several  species  oi Boswellia  in  Eastern  Africa  and  Southern  Arabia. 
It  contains  from  4  to  7  per  cent,  of  essential  oil,  from  56  to  72 
per  cent,  of  resin,  and  about  30  per  cent,  of  gum.  When  burned 
It  develops  a  strongly  aromatic  odor. 

Myrrh  (Myrrha,  U.  S.  P.)  is  a  gum-resin  exuding  from  the 
Commiphora  Myrrha  in  Eastern  Africa  and  South nestern  Arabia. 
It  contains  from  2  to  4  per  cent,  of  volatile  oil,  from  25  to  4C» 
per  cent,  of  resin,  and  from  40  to  60  per  cent,  of  gum.  Fused 
with  caustic  potash  the  resin  yields  pyrocatechin  and  protocate- 
chuic  acid.  It  is  used  extensively  in  the  form  of  tincture  and 
powders. 

Bdellium  is  a  gum-resin  very  similar  in  character  to  myrrh. 

Gamboge  (Cambogia,  U.  S.  P.)  is  a  gum-resin  exuding  as  a 
milky  juice  from  incisions  in  Garcinia  Hanburiiy  and  is  collected 
in  bamboo  joints,  and  comes  into  commerce  in  cylindrical  pieces. 
It  forms  a  yellow  emubion  with  water.  It  contains  16  to  26  per 
cent,  of  gum,  66  to  80  per  cent,  of  resin  or  cambogic  acid^  and 
about  4  per  cent,  of  wax. 

Emphorbium  is  an  exudation  from  incisions  in  the  stem  of  the  Euphorbia 
resinifera  from  Morocco.  It  contains  18  per  cent  of  gum,  38  per  cent 
of  resin,  some  starch,  malates,  and  ash. 

Scammony  (Scammonium,  U.  S.  P.)  is  a  milky  juice  col- 
lected in  Western  Asia  from  the  Convolvulus  Scammonia.  It 
forms  a  greenish  emulsion  with  water.  It  contains  from  75  to  90 
per  cent,  of  resin,  known  as  scammonin,  ^M^se^ie*  identical 
with  the  orizabin  of  Ipomea  orizabensis^  and  converted  by  alka- 
lies into  scammonic  acid,  which  is  soluble  in  water.  The  rest  of 
the  drug  is  gum,  soluble  iu  water. 


CHAPTER   X. 

QLUCOSIDBS— BITTER  AND  NEUTRAL  PRINCIPLSa 

I.    Glucosides. 

Under  this  name  have  been  grouped  a  number  of  compounds, 
occurring  mainly  in  the  vegetable  kingdom,  that  under  the  influ- 
ence of  dilute  acids  or  ferments  are  split  up  into  component  parts, 
of  which  glucose  or  a  related  carbohydrate  always  is  one.  The 
glucosides  appear  to  be,  not  esters,  but  ethers,  which,  under  the 
treatment  above  referred  to,  take  up  the  elements  of  water,  and 
then  yield  the  glucose  and  other  products. 

While  sharing  this  method  of  decomposition  in  common  they 
show  in  other  respects  a  wide  divergence.  Thus,  solanin  is  a  ni- 
trogenous base,  and  is  thus  at  once  an  alkaloid  and  a  glucoside, 
while  other  glucosides,  like  myronic  acid,  are  of  well-defined  acid 
character.  The  most  of  the  glucosides,  however,  are  neutral 
bodies,  although  they  frequently  combine  with  metallic  oxides, 
such  as  lead  and  mercuric  oxides.  They  are  usually  soluble  in 
water  and  in  alcohol,  often  insoluble  in  ether,  and  generally 
crystallizable.  On  heating  with  concentrated  sulphuric  acid  and 
the  bile  acids,  the  glucosides  give,  like  the  sugars,  the  Petten- 
kofer  bile  reaction, — viz.,  a  deep-red  color.  Alkaline  copper 
solution  is  reduced  by  most,  but  not  all,  of  the  glucosides.  Am- 
moniacal  silver  solution  is  reduced  by  glucosides,  as  by  cane- 
sugar  and  mannite,  only  after  the  addition  of  caustic  alkali. 
Many  glucosides  are  optically  active,  most  of  them  showing  a 
laevo-rotatory  character.  This  rotatory  power  does  not,  how- 
ever, correspond  in  any  way  to  that  of  the  sugar,  which  is  ob- 
tained by  the  decomposition  of  the  glucoside. 

Glucosides,  as  a  rule,  are  not  decomposed  by  pure  water,  even 
on  boiling  or  heating  under  pressure,  but  dilute  acids  readily 
effect  the  decomposition,  sulphuric  and  hydrochloric  being  chiefly 
used.  Alkalies  may  also  effect  the  decomposition,  although 
baryta  water  is  better  adapted,  as  the  stronger  alkali  generally 
acts  upon  the  sugar  liberated,  decomposing  or  altering  it.  The 
splittincf  up  of  the  glucosides  is,  however,  often  best  effected  by 
the  action  of  ferments,  which  may  act  at  the  ordinary' or  only 

slightly  elevated  temperature.     Among  such  ferments  may  be 
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mentioned  emulsin^  an  albuminoid  found  in  the  almond  ;  myro- 
siriy  found  in  mustard-seed  ;  and  the  ferment  contained  in  the 
saliva. 

For  the  extraction  of  glucosides  from  the  plant  it  frequently 
suffices  to  extract  with  water  or  alcohol,  and  to  crystallize  the 
glucoside  from  the  concentrated  extracts  after  decolorizing  with 
animal  charcoal ;  or,  after  defecating  the  decoction  from  the 
plant  with  neutral  acetate  of  lead,  which  does  not  affect  the  gluco- 
side  as  a  rule,  the  addition  of  basic  lead  acetate  will  precipitate  it 
in  the  form  of  a  weak  combination  readily  decomposed  by  hydro- 
gen sulphide.  Tanret  has  proposed  still  another  procedure.  After 
leaving  the  finely-pulverized  plant  material  in  contact  with  milk 
of  lime  for  24  hours,  he  extracts  with  distilled  water  in  a  dis- 
placement apparatus,  and  precipitates  these  extraction  liquors 
with  a  concentrated  solution  of  sodium  chloride  ;  the  precipitate 
is  dried,  preferably  in  vacuo,  and  extracted  with  chloroform, 
which  dissolves  the  glucoside,  which  can  then  be  crystallized  out. 

The  first  successful  synthesis  of  a  natural  glucoside  was  accom- 
plished by  Arthur  Michael  in  1879,  who  caused  acetochlorhy- 
drose  (obtained  by  the  action  of  acetyl  chloride  upon  glucose)  to 
act  upon  the  potassium  compound  of  salicyl-aldehyde  in  alcoholic 
solution,  when  helicin  was  formed,  and  this,  by  the  action  of 
sodium  amalgam,  was  converted  into  salicin.  The  same  synthe- 
sis led  to  the  formation  of  populin  (benzoyl-salicin),  and  the  cor- 
responding reaction  of  acetochlorhydrose  upon  the  potassium 
compound  of  methyl-hydroquinone  led  to  the  synthesis  of 
methyl-arbutin,  another  naturally  occurring  glucoside.  A  newer 
and  much  more  generally  applicable  method  for  the  synthesis  of 
the  glucosides  has  been  recently  announced '  by  Emil  Fischer. 
He  finds  when  glucose  and  other  sugars  of  the  monosaccharide 
class  (see  p.  633)  are  dissolved  in  an  alcohol,  and  hydrochloric 
acid  gas  is  passed  in,  there  forms  a  glucoside  or  mixed  ether  with 
the  elimination  of  water.  This  reaction  seems  to  be  available  for 
all  the  alcohols  ;  in  the  case  of  glucose  it  has  been  proved  with 
methyl,  ethyl,  propyl,  isopropyl,  amyl,  allyl,  and  benzyl  alco- 
hols, as  also  with  ethylene  glycol  and  glycerin.  It  may  even  be 
employed  for  the  hydroxy-acids  (alcohol-acids),  as  was  proved 
by  the  preparation  of  lactic  glucoside.  Where  the  sugar  is  com- 
pletely insoluble  in  the  alcohol,  which  is  the  case  with  many 
compounds  of  the  aromatic  and  terpene  series,  in  place  of  glu- 
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cose,  acetochlorhydrose,  or  pentacetyl-glucose,  may  be  employed, 
as  both  are  soluble  in  ether,  benzene,  and  chloroform.     As  the 
bioses  (cane-  and  milk-sugar  and  maltose)  are  hydrolyzed  by 
hydrochloric  acid,  they  cannot  be  converted  in  this  way  into 
glucoside-like  compounds.     These  new  artificial  glucosides,  like 
the  natural  ones,  are  unattacked  by  boiling  alkalies,  Fehling's 
solution  and  phenyl-hydrazine  ;  if,  however,  they  be  heated  with 
dilute  acids  they  are  readily  hydrolyzed  into  their  components. 
They  are  likewise  hydrolyzed  by  the  invertase  of  yeast. 

The  glucosides  which  are  of  more  especial  pharmaceutical  or 
medical  importance  are  the  following  : 

Amygdaliny  CjoHg.,NOii.3H,0,  is  found  in  bitter  almonds  and 
in  the  kernels  of  fruit.  It  is  extracted  by  alcohol  from  the  com- 
pacted cake  of  the  almond  after  the  oil  has  been  pressed  out  It 
forms  a  white,  crystalline  powder,  of  slightly  bitter  taste,  melting 
at  200°.  When  boiled  with  dilute  acids,  or  when  the  aqueous 
extract  of  the  bitter  almond  is  digested  at  25^-35®,  it  is  decom- 
posed according  to  the  reaction  : 

CaoHj^NOn    +    2HjO    =    C^Wfi    +    CNH    -f-    2CeHx,0|, 

the  products  being  benzaldehyde,  hydrocyanic  acid,  and  dextrose. 
In  the  latter  case  the  decomposition  is  brought  about  by  the 
emulsiriy  or  soluble  ferment,  which  occurs  in  both  the  sweet  and 
the  bitter  almond. 

JEsculin,  CxsHjeOg-i^^HjO,  is  found  in  the  bark  of  the  horse-chest- 
nut. It  forms  prisms  of  a  bitter  taste,  melting  at  160®,  and  is  decomposed 
by  boiling  with  dilute  acids  or  by  emulsin  into  glucose  and  iescuietm 
(dioxycoumarin) : 

CioHiflOe    +    H,0    =    CeHjaOe    +    CgHeO*. 

Ap'bulin,  Ci2Hie07.>^H20,  and  Methyl-arbutin,  Cx8Hx807,  are  con- 
tained in  Arbutus  Uva-ursi  and  Chimaphila  ufnbellata  and  other  erica- 
ceous  plants.  Both  are  bitter,  crystallizable  principles,  separable  only 
with  difficulty.  Both  are  decomposed  by  dilute  acids  or  emulsin,  the 
former  into  glucose  and  hydroquinone,  and  the  latter  into  glucose  and 
methyl-hydroquinone. 

Car  mi  f  lie  Acid,  CyjUy^fi^^,  is  the  coloring  constituent  of  cochi- 
neal (the  dried  female  insect  Cocais  cadi),  and  the  essential  con- 
stituent of  the  commercial  '*  carmine,"  obtained  by  extracting 
the  cochineal  with  water  and  precipitating  with  alum.  It  is  a" 
amorphous,  purplish-red  mass,  soluble  in  water  and  alcohol, 
which  on  boiling  with  dilute  acids  is  decomposed  as  follows : 

^171^18^10    "f     2H2O    =    CxiHxa07    4-    CeHxo05. 

Carmine-red.         Carmine-sugar. 
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The  salt  is  obtained  in  yellowish  scales,  the  free  glycyrrhizic  acid 
in  a  gelatinous  mass.  It  is  decomposed  on  boiHng  with  acids  into 
glycyrrhetin,  C^^^^^O^y  dind  parasacchark  add ^  C^Hi^Oj. 

Helicin,  Ci3Hie07,  is  an  oxidation  product  of  salidn.    It  is  split  up  by 

the  action  of  dilute  adds  or  emulsin  into  salicylic  aldehyde,  CeH4 1  S^m- 

and  dextrose,  CeHx20e.  Its  synthesis  by  Michael  has  already  been  de- 
scribed. 

Helleborin,  Cg^H^jOe,  and  Helleborein^  Qa^iiOw*  ^re  gluco- 
sides  occurring  in  the  roots  of  black  hellebore  {Helleborus  niger) 
and  green  hellebore  (//.  viridis). 

Indican,  C^^^^O^^,  is  a  glucoside  found  in  woad  {/satis  tine- 
toria).  It  is  decomposed  by  heating  with  dilute  acids  into  vidiglu- 
an,  CeHjoO^,  and  indigo-blue,  CgHgNO.  The  reaction,  however, 
is  not  a  complete  one,  as  other  side-products  are  obtained.  The 
so-called  *  *  indican* '  found  in  the  urine  at  times  is  indoxylsulphu- 
ric  acid  (see  p.  738). 

Myronic  Acid,  CioH^gNSjOio,  is  found  in  black  mustard-seed 
as  the  potassium  salt.  The  free  acid  is  unstable.  The  potassium 
salt  is  decomposed  by  a  ferment,  myrosin,  which  is  found  mainly 
in  the  white  mustard-seeds,  according  to  the  reaction  : 

CioHieNSjOioK    =    CeH„Oe    -f     KHSO4    +    CaHa.NCS, 

the  products  being  dextrose,  acid  potassium  sulphate,  and  allyl- 
sulphocyanate  (mustard  oil). 

Phloridzin,  C^^^f^x^-'^^J^^  is  a  glucoside  found  in  the  root-bark 
of  the  apple-,  pear-,  plum-,  and  cherry-tree.  It  forms  silky  needles, 
fusinjf  at  io6®-io8®.  It  is  decomposed  by  dilute  acids  into  glucose  and 
phhretin,  C15H14O5.  This  latter  decomposition  product  appears  to 
iHX'ur  also  ready  formed  in  the  root-bark  of  the  apple-tree. 

/)»/>w//Vr,  CaoHaaOa  or  Ci8Hi7(CeH5CO)07,  is  benzoyl-salidn,  and  is 
found  along:  with  salicin  in  the  bark  and  leaves  of  Popufus  trmula. 
\\  hri\  heated  with  dilute  mineral  adds  it  is  split  into  glucose,  benzoic 
cu  i»l.  .nul  salipenin.  It  is  made  synthetically  from  salidn  by  treatment 
\s\\\\  lu-n/oyl-chloride. 

Cnm  ifrifi,  C^H^O^.^\\J^,  is  a  glucoside  contained  as  the  coloring 
l«imii|»lr  of  i]uercitron  bark  (from  Quercus  tinciorid).  When  boiled 
Willi  ilihitr  acids  it  splits  up  into  ^i/^rr^/i«,-C94H x^On,  and  isoduiciU, 

A*i4^<'p\//inr  Add,  C^H^O^^,  is  the  constituent  of  the  madder- 
i«'ui,  \\\\u\\  by  its  decomposition  yields  alizarine,  the  reaction 

lu  im;  : 

^anHaaOu     -r     2HaO    =    Ci4H804    +     2C«Hm(V 
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tilled  with  zinc-dust  it  yields  anthracene.  The  benzene; 
lion  of  aloin,  when  heated  with  ammonia,  gives  a  vioIet-re<lJ 
Cg^HstOj,  is  obtained  from  "orlean,"  the  fruit  ol 
erellana.  It  forms  reddish  scales  melting  at  175''-176".  I 
still  extensively  used  in  dyeing,  as  it  colors  animal  and  vea 
fibres  yellow  without  the  aid  of  mordants.  It  is  also  well  1 
under  the  name  of  "annatto"  in  its  use  in  butter  color  aj 
coloring  of  cheese. 

Brasilin.  Ct(H,^0,,  is  obtained  from  Brazil  wood  {Peilo^ 
dubium).  It  forms  amber-yellow  crystals,  which  dis; 
alkalies  with  caniiine  color.  When  fused  with  potassium  li 
it  yields  resorcin.  It  is  also  used  extensivdy  in  dyeing  g 
and  cotton. 

Canlharidin,  CioH^Of,  Is  found  in  Spanbh  flies  {Lytia  i 
It  forms  tablets  melting  at  aiS".  When  heated  with  phosphoru 
sulphide  it  yields  iT-xylol.  When  cantharidin  is  heated  with  alld 
takes  up  the  elements  of  water  and  forms  canliiaridic  acid.  CigHJ 
unstable  acid,  the  potassium  salt  of  which  is  used  in  medicine.      ] 

Chlorophyll  is  the  name  given  to  the  green  coloring  mad 
fresh  vegetation.  It  appears  to  be  a  mixture  of  a  yellowed 
matter,  xanthophyll,  and  a  blue  coloring  matter,  fyanopi^ 
crystalline  product  is  also  obtained,  chlorophyllan,  whU 
reduction  with  zinc-dust  yields  the  original  chlorophyll. 

Cotoin.  C)gHisOa,  is  obtained  from  the  coto  bark  of  Bolivia,  j 
pale-yellow  crystals  melting  at  130°.  When  (iised  with  caustic] 
or  heated  with  concentrated  hydrochloric  add  to  140*,  benioic  J 
split  off.  J 

Oibebin,  CioHiqO^  is  obtained  from  cubeb,  the  unripe  fruit  of 
Cubi-ba.     It  fomis  small  needles   melting  at  135*.     When  oxidi' 

c  add  il  yields  oxalic  and  picric  acids ;  when  fused  with  c 
ash  it  yields  acetic  and  protocatechuic  acids. 

Curcumin,  C,,H„0,,  is  the  coloring  principle  of  the  ti 
root  (Curntma  tinctoria).     It  forms  yellow  prisms  melti 
178',      It  is  changed  to  a  reddish-brown  by  alkalies,  whei 
use  as  an  indicator  for  alkalies.     It  is  used  somewhat  for  ^ 
in  compound  colors. 

Biliary  Pigments. — In  the  bile  and  biliary  calculi  are  I 
several  pigments  of  definite  composition.     The  best  knoi 
bilirubin.    C„H„N,0,  :    bUh'erdin,    C^H^N^O, ; 
C„H^NgO, :  and  bilifirasin,  C„H^N,0^     These  bUiai 
ments  may  be  recognized  by  Gmelin's  lest,  in  which  n 
containing  nitrous  acid  is  added,   when  colore  changing] 
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While  it  was  stated  in  the  beginning  of  our  disa 
oi^aiiic  compounds  (see  p.  537)  that  the  distinctionj 
organic  bodies  (those  produced  in  connection  with  the] 
of  life)  and  inorganit  bodies  (those  found  in  the  mineral 
or  formed  from  mineral  matter)  no  longer  existed,  nq 
was  made  of  organised  tissue.  The  living  plant  or  d 
matter  how  elementary  its  structure,  is  lai^ely  composa 
of  which  the  invariable  organic  constituents  are  proH 
plant  tissue  the  proteids  share  their  importance  wila 
and  its  alteration  products,  but  in  the  animal  tissue  tl 
fundamentally  important  that  it  has  well  been  said  "1 
are  indispensable  constituents  of  every  living,  activl 
tissue,  and  indissolubly  connected  with  every  manifei 
animal  activity."  j 

The  proteids  of  the  animal  body  all  come,  directljl 
rectly,  from  vegetable  sources,  the  nitrc^enous  or  pro] 
ciples  of  which  form  an  important  element  in  our  foocfi 
action  of  certain  ferments  present  in  the  alimentary  juic^ 
all  proteids  are  capable  of  being  con\erted  into  cla 
bodies  called  peptones,  which,  after  absorption,  are  q 
recon\'ersion  into  proteids.  Not  all  the  proteids  of  tl^ 
so  reconverted,  however,  or  go  to  the  building  up  d 
proteid  tissues  and  oi^ns  ;  much  undergoes  decompon 
ducing  carbon  dioxide,  water,  and  simpler  nitrogen  cq 
like  urea.  C0(  NH.V  ] 

The  various  proteids  are  highly  complex  compounj 
high  molecular  weight  and  unknown  constitution,  d 
carbon,  hydrogen,  oxygen,  nitrogen,  and  sulphur,  and 
Cases  phosphorus  and  iron,  in  percentage  compositiaf 
within  the  followii^  limits : 


From  50.6  per  cent 
to  54-5      " 


6.9  15-3 


In  addition  to  these  constituents,  the  proteid^  11 
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peptones;  with  other  proteids  heat  must  be  applied.  It  is  knou-n 
as  the  •  *  Biuret  reaction. '  *  If  albumen  is  precipitated  with  alcohol 
and  washed  with  ether,  it  gives  a  deep  violet  color  when  heated 
with  hydrochloric  acid.     This  is  **  Liebermann*s  reaction." 

III.     Products  of  Decomposition  and  Digestive  Action 

ON  Proteids. 

1.  Action  of  Heat  alone. — When  submitted  to  dry  distil- 
lation the  proteids  yield  the  product  known  as  Dippel's  oil  (see 
p.  748),  which  contains  ammonium  salts  of  the  fatty  acids,  like 
butyric,  valeric,  and  caproic,  amines  of  the  radicals  of  the  paraf- 
fin series  like  methylamine,  etc.,  aromatic  compounds  like  aniline 
and  phenol,  and,  lastly,  the  pyridine  and  quinoline  bases. 

2.  Action  of  Oxidizing  Agents. — Manganese  dioxide  and 
sulphuric  acid  or  potassium  bichromate  and  sulphuric  acid  acting 
upon  the  proteids  produce  cyanides,  aldehydes,  and  acids  of  both 
the  aromatic  and  the  fatty  groups.  Nitric  acid,  as  before  stated, 
produces  at  first  xanthoproteic  acid,  and  by  continued  action 
oxybenzoic  and  paraoxybenzoic  acids.  Chlorine  acting  upon 
proteids  produces,  among  other  products,  fumaric  and  oxalic 
acids.  Bromine  and  water,  when  heated  with  proteids  under 
pressure,  cause  the  formation  of  carbon  dioxide,  aspartic,  oxalic, 
and  bromacetic  acids,  leucine,  bromoform,  bromanil,  and  odier 
pr^xlucts. 

3.  Action  of  Strong  Acids  and  Caustic  Alkalies.— Pro- 
Kmiv:^*^!  boiling  with  sulphuric  and  hydrochloric  acid,  and  fiision 
with  caustic  alkalies,  give  rise  to  practically  the  same  products, 
cinuMig  which  are  ammonia,  acetic  and  valeric  acids,  amido-adds 
like  leucine  (see  p.  604)  and  tyrosine,  and  indol  and  skatol  (see 

4.  Action  of  Dilute  Mineral  Acids. — Under  the  influence 
i>t  dilute  sulphuric  acid  (or  hydrochloric  acid  in  the  presence  of 
stannous  chloride)  hydrolysis  ensues  and  a  variety  of  products 
are  <»btaintxi.  Among  these  we  have  belonging  to  the  class  of 
n\ethane  derivatives  leucine,  aspartic  acid,  glutanic  acid,  and 
liirturol,  and  to  the  class  of  benzene  derivatives  tyrosine  (see  p. 
725^  anil  phenyl-amido-propionic  acid. 

5.  Decomposition  under  the  Influence  of  Putrefactive 
Ferments. — Reference  was  made  to  the  decomposition  of  albu- 
iniin)i(l  nuitter  under  the  influence  of  bacteria  (see  p.  655).  The 
first  effect  on  the  albuminoids  is  a  peptonization  and  tbcB  t 
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formation  of  products  such  as  have  been  just  mentioned  under 
the  two  preceding  cases  of  decomposition.  In  this  case  ammonia 
and  hydrogen  sulphide  are  also  among  the  products  of  decom- 
position. In  the  putrefaction  of  gelatin  or  glue,  instead  of  tyro- 
sine, we  have  glycocoll  as  the  product.  Under  certain  patho- 
logical conditions  this  putrefactive  change  of  albuminoids  may 
take  place  in  the  intestines. 

6.  Digestive  Action  on  Proteids. — In  general,  the  effect  of 
digestive  action  is  to  change  proteids  under  the  influence  of 
enzymes  into  albumoses  and  peptones.  In  the  digestive  action 
of  the  stomach  little  true  peptone  is  formed,  but  much  albumose,. 
while  in  the  action  of  the  pancreas  the  opposite  result  takes  place. 
Very  energetic  action  of  the  pancreatic  ferment  (see  p.  652) 
changes  the  hemipeptones  still  further  into  amido-acids  like  tyro- 
sine and  leucine. 

CLASSIFICATION  OF  PROTEID  COMPOUNDS.  * 

As  the  constitution  of  these  compounds  is  still  so  entirely 
obscure,  it  is  not  possible  to  establish  more  than  a  provisional 
grouping  of  them.  The  scheme  generally  accepted  by  the  best 
authorities  is  as  follows  : 

I.  True  Albuminoids,  including:  i,  Albumens;  2,  Glohu- 
lifts ;  3,  Alkali-albuminates  and  Acid-albnminates ;  4,  Coagu- 
lated Albuminoids ;  5,  Albumoses  and  Peptones, 

II.  Nucleo-albumens. 

III.  Proteids,  including :  i,  Glucoproteids  (a,  Mucins  ond 
Mucoids,  and  A  Hyalogens)  ;  2,  Chromoproteids  (^Hamoglobins), 

IV.  Gelatinoids,  including:  i,  Keratitis;  2,  Collagen  and 
Glue;  3,  Elastin;  and  4,  Amyloid  {Lardacein), 

I.    True  Albuminoids. 

These  are  free  from  phosphorus  or  contain  it  as  calcium  phos- 
phate only ;  are  readily  peptonized  (with  the  exception  of  the 
peptones,  of  course)  ;  yield,  when  decomposed  by  acids  or  allowed 
to  putrify,  amido-acids  ;  soluble  in  dilute  alkalies  and  acids  (with 
the  exception  of  the  coagulated  albuminoids).  They  occur  in 
animal  and  vegetable  tissues  and  liquid  secretions. 

X.  Albumens. — These  are  soluble  in  water,  dilute  acids,  and 
alkalies.  The  aqueous  solution  coagulates  on  heating  in  case 
neutral  salts  like  sodium  chloride  or  magnesium  sulphate  are 
present.     If  freed  from  salts  (by  precipitation  of  the  insoluble 
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copper  compound  and  treatment  of  this  with  strong  ] 
hydratej  ihey  do  not  coagulate  on  boiling.  The  solu^ 
be  completely  predpilatud  by  saturating  it  with  ammoiJ 
phate  or  with  sodium  chloride  followed  by  acetic  at 
varieties  of  this  class  we  may  mention  :  ' 

Serum  A/iumen  occurring  in  the  blood,  chyle,  anrf 
Its  solutions  show  a  specific  rotatory  power  of  — 56",  I 
coagulable  at  temperatures  of  from  50°  to  90",  accordta 
solvent.  j 

■Egg  Alintmen  is  found  in  the  white  of  egg.  Its  sped 
lory  power  is  — 35-5°,  and  its  temperature  of  coagulatw 
56".  White  of  egg  contains  about  12  per  cent,  of  albuiri 
may  be  e^'aporated  in  thin  films  at  ordinary  temperature^ 
losing  its  transparency  or  solubility  in  water. 

Muscle  Albutnen  exists   in  several  varieties,  coagi 
about  47°. 

Milk  Albumen  (lactalbumen)  is  found  in  the  milk  c 
animals  in  amount  I'rom  0.5  to  i  per  cent.,  and  \ 
whey  after  the  coagulation  of  the  casein  by  rennet, 
of  coagulation  ranges  from  72°  to  84°. 

3.  Globulins. — These  are  insoluble  in  water,  but  s 
dilute  solutions  of  salts  like  sodium  chloride,  ammonit^ 
ride,  and  sodium  sulphate.    The  solutions  coagulate  o 
and  are  completely  precipitated  by  saturation  with  ; 
sulphate.     With  the  exception  of  vitellin,  they  are  pre^ 
by  satm^ting  the  solution  with  common  salL     As  vur^ 
have:  J 

ViUlIitt. — Obtained  from  the  yolk  of  egg  (^Vitellus,  I 
by  extracting  the  fats  and  cholesterin  with  ether.  dissoH 
white  residue  in  common  salt  solution,  and,  alter  frltratl 
cipitating  by  the  addition  of  water.  It  is  difficult  to  frci 
the  lecithine  which  accompanies  it  in  the  e^  yolk.  It  1 
at  about  75°  and  is  l^vo-rotatory. 

Ptanl  vilellins  are  also  obtained  Trom  beans,  peas,  aim 
mustard,  and  com.    The  aleurone  (crains.  obtained  from  E 
other  sources,  seem  to  represent  a  crystalline  albuminoid  or  a 
of  an  albuminoid  with  maj^esia. 

CrystalHm.  from  the  crystalline  lens  of  the  eye,  i 
with  viteliin. 

JUrosin  is  the  product  of  the  clotiin?  of  muscle  plasma, 
in  10  per  cent,  sodium  chloride  solution  at  ss'-se'.     The  9 
the  iili-imri  Beneratina:  the  m>-osin  is  called  mtositioefn. 

Plaml  myosins  are  also  round  in  vej^table  proto|^asiii,  ^ 
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Fibrinogen  is  found  in  blood  plasma,  in  chyle,  lymph,  and 
serous  fluids,  and  at  times  in  transudations.  In  the  clotting  of 
blood  it  is  converted  mX.o /ibrin.  This  change  takes  place  under 
the  influence  of  a  soluble  fibrin  ferment  acting  in  the  presence  of 
neutral  salts.     It  coagulates  in  10  per  cent,  salt  solution  at  55°. 

Serum  Globulin  (Paraglobulin  or  Fibrino-plastin)  is  found  in 
blood  plasma  and  blood  serum,  as  well  as  in  chyle,  lymph,  and 
serous  fluids.  It  is  incompletely  precipitated  by  saturating  the 
fluid  with  common  salt.  Its  temperature  of  coagulation  when  in 
10  per  cent,  sodium  chloride  solution  is  75°. 

3.  Alkali-albuminates  and  Acid-albuminates. — Albumi- 
noids are  converted  more  or  less  rapidly  by  the  action  of  alkalies 
and  acids  into  the  two  classes  above  named. 

The  acid  albuminates  form  jelly-like  masses  which,  while  not 
readily  soluble  in  pure  water,  dissolve  easily  in  acidified  water. 
These  acid  solutions  do  not  coagulate  on  boiling,  but  are  precipi- 
tated by  neutralization  or  adding  neutral  salts  to  the  solution. 

Synionin  is  an  acid  albuminate  prepared  by  the  action  of  o.  i  per  cent 
hydrochloric  acid  upon  muscle  globulin.  Frequently  the  whole  class  of 
acid  albuminates  are  termed  "  syntonins.'' 

The  alkali-albuminates  are  not  mere  solutions  of  the  albumi- 
noids in  alkali,  but  show  a  diflerence  in  percentage  composition 
fi'om  the  albuminoids  from  which  they  have  been  formed.  This 
is  because  the  alkali  acts  upon  the  albuminoid  sufficiently  to 
cause  a  splitting  ofl"  of  the  nitrogen  as  ammonia  and  a  loss  of 
sulphur  due  to  the  formation  of  alkali  sulphide. 

LieberkuhrCs  AlkcUi-aUmminaU  is  a  gelatinous  mass  insoluble  in  pure 
water,  but  soluble  in  dilute  alkalies,  which  is  obtained  by  the  action  of 
strong  potassium  hydrate  solution  upon  ^^  albumen. 

4.  Coagulated  Albuminoids. — These  are  formed  by  heat- 
mg  the  neutral  or  slightly  acid  solutions  of  albumens  and  globu- 
lins. Prolonged  action  of  strong  alcohol  also  causes  coagulation 
of  proteids.  The  coagulated  albuminoids  are  in.soluble  in  water, 
dilute  acids,  and  alkalies.  By  the  action  of  the  gastric  or  the 
pancreatic  juice  they  are  converted  into  peptones  at  the  tempera- 
ture of  the  body,  and  then  go  into  solution.  The  coagulation 
of  albuminoids  must  be  distinguished  from  precipitation  by  neu- 
tralization or  the  addition  of  salts.     In  the  latter  case  the  precipi- 

•tate  still  retains  the  properties  possessed  by  the  body  when  in 
solution  ;  in  the  case  of  coagulation  it  is  no  longer  capable  of 
being  changed  back  into  the  original  proteid  material. 
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Fibrin  is  formed  by  tlie  action  of  the  fibrin  femient  upon 
fibrinogen  (see  p.  809J.  It  is  a  white,  elastic  solid  made  up  ol 
fibre  bundles. 

Gluten  results  probably  by  the  action  of  an  enxyme  (the  glu- 
ten ferment)  upon  tlie  globulin  material  of  the  flour.  Gluten  is, 
however,  believed  to  be  a  mixture  of  gluten-fibrin,  g/iadin  1, veg- 
etable glue),  and  mucedin. 

5.  Albumoscs  and  Peptones.— Pepsin  (see  p.  652)  in  di- 
lute hydrochloric  acid  solution  and  trypsin  (see  p.  651  j  in  alka- 
line solution  both  have  tlie  power  of  "peptonizing"  proteids. 
If  the  peptone  solution  so  obtained  be  freed  from   unchanged 
albumen  by  coagulation  and  neutralization,  we  can  in  the  filtrate 
precipitate  the  albumoses  by  saturating  with  ammonium  sulphate, 
while  the  peptones  will  remain  in  solution.     The  albumoses  are 
probably  the  first  products  of  the  action  of  enzymes  upon  pro- 
teids, and  the  continuance  of  the  action  changes  them  into  pep-       1 
tones.     Besides  the  diflerence  insolubility  in  ammonium  sulphate       t 
just  stated,  we  may  distinguish  between  the  two  classes  also  by      \ 
the  addition  of  potassium  ferrocyanidc  to  the  acetic  acid  solution,        ■ 
albumoses  being  precipitated  and  peptones  not,  or  the  addilion^n 
of  common  salt  to  saturation  of  the  acetic  acid  solution,  whena-^J 
albumoses  are  precipitated  while  peptones  are  not.     At  least  twcz^-d 
kinds  of  albumoses  are  to  be  distinguished  :  anli-albumose  anc^  j 
hemi-albumose.  to  each  of  which  corresponds  3  peptone,  nameo—iJ 
therefore  anti-peplone  and  kemi-peplone  respectively.     The  fin^-^ 
of  these  peptones  cannot  be  further  changed,  while  the  latt^-^ 
(hemi- peptone)  is  changed  by  trypsin  into  leucine  and  tyrosine — — ^ 

As  already  stated  (see  p.  804),  the  peptones,  after  absorptic: 
into  the  blood,  are  capable  of  reconversion  into  proteids  0 
forming  material. 

The  formation  of  poisonous  albumoses,  or  "  toxalbumen&^s^ 
as  a  product  of  decomposition  of  proteid  matter  in  the  body  h 
already  been  relerred  to  (see  p.  776). 

II.       NVCLEO-ALBUMENS. 

These  contain  phosphorus,  and,  at  times,  also  iron.     They  ' 
decomposed  by  artificial  digestion  with  pepsin  into  peptones  ^= 
tnuleins. 

1.  Vitellin,  previously  described  under  the  globulins,  may  belong  hi 
as  by  the  pepsin  digestion  a  nuclein  is  separated  from  rt. 

a.  Casein   is  found  only  in  the  milk  of  mammalia.     1 
insoluble  in  water,  soluble  in   dilute  alkali  and  in  an  exccs^^  of 
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hydrochloric  or  sulphuric  acid.  The  caseins  of  cow's  milk  and 
human  milk  show,  however,  slight  differences  of  solubility,  as 
well  as  in  the  appearance  of  the  precipitate  obtained  by  the  addi- 
tion of  dilute  acids. 

Casein  is  not  coagulated  by  heat  alone,  a  film  forming  in  this 
case.  The  ferment  rennin  (see  p.  652),  however,  readily  coagu- 
lates it  in  the  presence  of  the  accompanying  calcium  phosphate, 
as  do  gastric  and  pancreatic  juice ;  but  in  milk  freed  from  the 
salts  normally  present,  rennin  will  not  cause  the  formation  of  a 
curd. 

The  artificial  digestive  action  of  pepsin  and  hydrochloric  acid 
decomposes  casein  at  the  temperature  of  the  blood  into  peptone 
and  nuclein. 

Other  nucleo-albumens  are  found  in  the  synovial  fluid,  in  the 
kidneys,  and  in  urine. 

Nucleins. — ^These  are  bodies  containing  phosphorus  which 
are  closely  related  to  the  albuminoids,  and  are  either  found  in 
animal  and  vegetable  cells,  or  are  formed  by  the  decomposition 
of  nucleo-albumens  under  the  influence  of  pepsin  and  hydrochlo- 
ric acid.  They  are  insoluble  in  alcohol  and  ether,  scarcely  solu- 
ble in  water,  but  easily  soluble  in  dilute  alkalies.  By  boiling  with 
alkalies  they  lose  their  phosphorus,  which  splits  off  as  alkali 
phosphate.  Dilute  mineral  acids  split  off  at  ordinary  tempera- 
tures metaphosphoric  acid  from  certain  nucleins,  as  in  the  yolk 
of  egg  and  yeast.  By  boiling  the  nuclein  of  yeast  with  dilute  acids 
xanthine,  hypoxanthine,  and  adenin  (see  p.  667)  are  formed. 

III.     Proteids. 

The  proteids  are  broken  up  by  appropriate  reagents  into  al- 
buminoids on  the  one  hand,  and  non-albuminoid  compounds 
(carbohydrates  or  coloring  matters)  on  the  other.  They  may 
therefore  be  divided  into  two  classes,  Glucoproteids  and  Chromo- 
proteids, 

X.  Glucoproteids. — ^These  yield  on  decomposition  with  dilute 
acids,  along  with  albuminoids,  reducing  compounds  of  the  class 
of  carbohydrates,  or  substances  easily  convertible  into  reducing^ 
carbohydrates. 

a.  Mucins  and  Mucoids. — The  mucins  are  precipitated  from  their  solu- 
tions by  acetic  acid,  and  the  precipitates  so  obtained  are  not  soluble  in 
excess  of  the  precipitant.  When  boiled  with  dilute  mineral  acids  they 
yield  reducing  substances.  The  solutions  of  the  true  mucins  are  ropy  in 
character.    Those  glucoproteids  which  form  ropy  solutions  but  are  not 
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peptones;  with  other  proteids  heat  must  be  applied.  It  is  known 
as  the  *  *  Biuret  reaction.  *  *  If  albumen  is  precipitated  with  alcohol 
and  washed  with  ether,  it  gives  a  deep  violet  color  when  heated 
with  hydrochloric  acid.    This  is  **  Liebermann's  reaction." 

III.     Products  of  Decomposition  and  Digestive  Action 

ON  Proteids. 

1.  Action  of  Heat  alone. — When  submitted  to  dry  distil- 
lation the  proteids  yield  the  product  known  as  Dippel's  oil  (see 
p.  748),  which  contains  ammonium  salts  of  the  fatty  acids,  like 
butyric,  valeric,  and  caproic,  amines  of  the  radicals  of  the  paraf- 
fin series  like  methylamine,  etc.,  aromatic  compounds  like  aniline 
and  phenol,  and,  lastly,  the  pyridine  and  quinoline  bases. 

2.  Action  of  Oxidizing  Agents. — Manganese  dioxide  and 
sulphuric  acid  or  potassium  bichromate  and  sulphuric  acid  acting 
upon  the  proteids  produce  cyanides,  aldehydes,  and  acids  of  both 
the  aromatic  and  the  fatty  groups.  Nitric  acid,  as  before  stated, 
produces  at  first  xanthoproteic  acid,  and  by  continued  action 
oxybenzoic  and  paraoxy  ben  zoic  acids.  Chlorine  acting  upon 
proteids  produces,  among  other  products,  fumaric  and  oxalic 
acids.  Bromine  and  water,  when  heated  with  proteids  under 
pressure,  cause  the  formation  of  carbon  dioxide,  aspartic,  oxalic, 
and  bromacetic  acids,  leucine,  bromoform,  bromanil,  and  other 
products. 

3.  Action  of  Strong  Acids  and  Caustic  Alkalies.--Pro- 
longed  boiling  with  sulphuric  and  hydrochloric  acid,  and  fusion 
with  caustic  alkalies,  give  rise  to  practically  the  same  products, 
among  which  are  ammonia,  acetic  and  valeric  acids,  amido-acids 
like  leucine  (see  p.  604)  and  tyrosine,  and  indol  and  skatol  (see 

P-  739). 

4.  Action  of  Dilute  Mineral  Acids. — Under  the  influence 

of  dilute  sulphuric  acid  (or  hydrochloric  acid  in  the  presence  of 
stannous  chloride)  hydrolysis  ensues  and  a  variety  of  products 
are  obtained.  Among  these  we  have  belonging  to  the  class  of 
methane  derivatives  leucine,  aspartic  acid,  glutanic  add,  and 
furfurol,  and  to  the  class  of  benzene  derivatives  tyrosine  (seep. 
725)  and  phenyl-amido-propionic  acid. 

5.  Decomposition  under  the  Influence  of  Putrefactive 
Ferments. — Reference  was  made  to  the  decomposition  of  albu- 
minoid matter  under  the  influence  of  bacteria  (see  p.  655).  The 
first  effect  on  the  albuminoids  is  a  peptonization  and  then  a 
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formation  of  products  such  as  have  been  just  mentioned  under 
the  two  preceding  cases  of  decomposition.  In  this  case  ammonia 
and  hydrogen  sulphide  are  also  among  the  products  of  decom- 
position. In  the  putrefaction  of  gelatin  or  glue,  instead  of  tyro- 
sine, we  have  glycocoll  as  the  product.  Under  certain  patho- 
logical conditions  this  putrefactive  change  of  albuminoids  may 
take  place  in  the  intestines. 

6.  Digestive  Action  on  Proteids. — In  general,  the  effect  of 
digestive  action  is  to  change  proteids  under  the  influence  of 
enzymes  into  albumoses  and  peptones.  In  the  digestive  action 
of  the  stomach  little  true  peptone  is  formed,  but  much  albumose,. 
while  in  the  action  of  the  pancreas  the  opposite  result  takes  place. 
Very  energetic  action  of  the  pancreatic  ferment  (see  p.  652) 
changes  the  hemipeptones  still  further  into  amido-acids  like  tyro- 
sine and  leucine. 

w 

CLASSIFICATION  OF  PROTEID  COMPOUNDS.  * 

As  the  constitution  of  these  compounds  is  still  so  entirely 
obscure,  it  is  not  possible  to  establish  more  than  a  provisional 
grouping  of  them.  The  scheme  generally  accepted  by  the  best 
authorities  is  as  follows  : 

I.  True  Albuminoids,  including:  i,  Albumens;  2,  Globu- 
lins; 3,  Alkali-albuminates  and  Acid-albuminates ;  4,  Coagu- 
lated Albuminoids  ;  5,  Albumoses  and  Peptones, 

II.  Nucleo-albumens. 

III.  Proteids,  including:  i,  Gliicoproteids  (a.  Mucins  ond 
Mucoids^  and  iS,  Hyalogens)  ;  2,  Chromoproteids  {Hamoglobins), 

IV.  Gelatinoids,  including:  i,  Keratins;  2,  Collagen  and 
Glue;  3,  Elastin;  and  4,  Amyloid  {Lardacein). 

I.    True  Albuminoids. 

These  are  free  from  phosphorus  or  contain  it  as  calcium  phos- 
phate only ;  are  readily  peptonized  (with  the  exception  of  the 
peptones,  of  course)  ;  yield,  when  decomposed  by  acids  or  allowed 
to  putrify,  amido-acids  ;  soluble  in  dilute  alkalies  and  acids  (with 
the  exception  of  the  coagulated  albuminoids).  They  occur  in 
animal  and  vegetable  tissues  and  liquid  secretions. 

z.  Albumens. — These  are  soluble  in  water,  dilute  acids,  and 
alkalies.  The  aqueous  solution  coagulates  on  heating  in  case 
neutral  salts  like  sodium  chloride  or  magnesium  sulphate  are 
present.     If  freed  from  salts  (by  precipitation  of  the  insoluble 
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copper  compound  and  treatment  of  this  with  strong  potassium 
hydrate)  they  do  not  coagulate  on  boiling.  The  solution  may 
be  completely  precipitated  by  saturating  it  with  ammonium  sul- 
phate or  with  sodium  chloride  followed  by  acetic  acid.  As 
varieties  of  this  class  we  may  mention  : 

Serum  Albumen  occurring  in  the  blood,  chyle,  and  lymph. 
Its  solutions  show  a  specific  rotatory  power  of  — 56°,  and  are 
coagulable  at  temperatures  of  fi'om  50°  to  90°,  according  to  the 
solvent. 

Egg  Albumen  is  found  in  the  white  of  ^%,  Its  specific  rota- 
tory power  is  — 35.5°,  and  its  temperature  of  coagulation  about 
56°.  White  of  ^%%  contains  about  12  per  cent,  of  albumen,  and 
may  be  evaporated  in  thin  films  at  ordinary  temperatures  without 
losing  its  transparency  or  solubility  in  water. 

Muscle  Albumen  exists  in  several  varieties,  coagulating  at 
about  47°. 

Milk  Albumen  (lactalbumen)  is  found  in  the  milk  of  various 
animals  in  amount  from  0.5  to  i  per  cent.,  and  remains  in  the 
whey  after  the  coagulation  of  the  casein  by  rennet.  Its  point 
of  coagulation  ranges  fi-om  72°  to  84°. 

2.  Globulins. — These  are  insoluble  in  water,  but  soluble  in 
dilute  solutions  of  salts  like  sodium  chloride,  ammonium  chlo- 
ride, and  sodium  sulphate.  The  solutions  coagulate  on  boiling, 
and  are  completely  precipitated  by  saturation  with  ammonium 
sulphate.  With  the  exception  of  vitellin,  they  are  precipitated 
by  saturating  the  solution  with  common  salt.  As  varieties  we 
have  : 

I///<'///>i.— Obtained  from  the  yolk  of  ^%%  (VitcUus,  U.  S.  P.) 
by  extracting  the  fats  and  cholesterin  with  ether,  dissolving  the 
white  residue  in  common  salt  solution,  and,  after  filtration,  pre- 
cipitating by  the  addition  of  water.  It  is  difficult  to  free  it  from 
the  lecithine  which  accompanies  it  in  the  ^%  yolk.  It  coagulates 
at  about  75°  and  is  laevo-rotatory. 

Plant  viteUins  are  also  obtained  from  beans,  peas,  almonds,  while 
mustard,  and  corn.  The  aleurone  grains,  obtained  from  Brazil-nuts  and 
other  sources,  seem  to  represent  a  crystalline  albuminoid  or  a  compound 
of  an  allniminoid  with  magnesia. 

i  ^tysiallin,  from  the  crystalline  lens  of  the  eye,  is  probably  identical 
with  vitellin. 

Myosin  is  the  product  of  the  clotting  of  muscle  plasma.  It  coagulates 
in  K^  prr  rent,  sodium  chloride  solution  at  55®-56°.  The  substance  in 
thi-  pl.isnvi  y:enerating:  the  myosin  is  called  myosino^nt, 

JVant  f/iyosifts'  are  also  found  in  vegetable  protoplasm. 
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Fibrinogen  is  found  in  blood  plasma,  in  chyle,  lymph,  and 
serous  fluids,  and  at  times  in  transudations.  In  the  clotting  of 
Uood  it  is  converted  into  Jidrin,  This  change  takes  place  under 
the  influence  of  a  soluble  fibrin  ferment  acting  in  the  presence  of 
neutral  salts.     It  coagulates  in  10  per  cent,  salt  solution  at  55^. 

Serum  Globulin  (Paraglobulin  or  Fibrino-plastin)  is  found  in 
blood  plasma  and  blood  serum,  as  well  as  in  chyle,  lymph,  and 
serous  fluids.  It  is  incompletely  precipitated  by  saturating  the 
fluid  with  common  salt.  Its  temperature  of  coagulation  when  in 
10  per  cent,  sodium  chloride  solution  is  75°. 

3.  Alkali-albuminates  and  Acid-albuminates. — Albumi- 
noids are  converted  more  or  less  rapidly  by  the  action  of  alkalies 
and  acids  into  the  two  classes  above  named. 

The  acid  albuminates  form  jelly-like  masses  which,  while  not 
readily  soluble  in  pure  water,  dissolve  easily  in  acidified  water. 
These  acid  solutions  do  not  coagulate  on  boiling,  but  are  precipi- 
tated by  neutralization  or  adding  neutral  salts  to  the  solution. 

Syntonin  is  an  acid  albuminate  prepared  by  the  action  of  o.  i  per  cent 
hydrochloric  acid  upon  muscle  globulin.  Frequently  the  whole  class  of 
add  albuminates  are  termed  "syntonins.** 

The  alkali-albuminates  are  not  mere  solutions  of  the  albumi- 
noids in  alkali,  but  show  a  difference  in  percentage  composition 
fi'om  the  albuminoids  from  which  they  have  been  formed.  This 
is  because  the  alkali  acts  upon  the  albuminoid  sufiiciendy  to 
cause  a  splitting  off*  of  the  nitrogen  as  ammonia  and  a  loss  of 
sulphur  due  to  the  formation  of  alkali  sulphide. 

Lieberkuhn^s  Alkali-albumincUe  is  a  gelatinous  mass  insoluble  in  pure 
water,  but  soluble  in  dilute  alkalies,  which  is  obtained  by  the  action  of 
strong  potassium  hydrate  solution  up>on  ^%%  albumen. 

4.  Coagulated  Albuminoids. — These  are  formed  by  heat- 
ing the  neutral  or  slightly  acid  solutions  of  albumens  and  globu- 
lins. Prolonged  action  of  strong  alcohol  also  causes  coagulation 
of  proteids.  The  coagulated  albuminoids  are  insoluble  in  water, 
dilute  acids,  and  alkalies.  By  the  action  of  the  gastric  or  the 
pancreatic  juice  they  are  converted  into  peptones  at  the  tempera- 
ture of  the  body,  and  then  go  into  solution.  The  coagulation 
of  albuminoids  must  be  distinguished  from  precipitation  by  neu- 
tralization or  the  addition  of  salts.  In  the  latter  case  the  precipi- 
tate still  retains  the  properties  possessed  by  the  body  when  in 
solution  ;  in  the  case  of  coaj^fulation  it  is  no  longer  capable  of 
being  changed  back  into  the  original  proteid  material. 
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Fidrin  is  formed  by  the  action  of 
fibrinogen  (see  p.  809J.  It  is  a  white, 
fibre  bundles. 

Gluten  results  probably  by  the  actic 
ten  ferment)  upon  the  globulin  materia 
however,  believed  to  be  a  mixture  of  ^ 
etable  glue),  and  mucedin. 

5.  Albumoses  and  Peptones.— I 
lute  hydrochloric  acid  solution  and  tr 
line  solution  both  have  the  power  of 
If  the  peptone  solution  so  obtained 
albumen  by  coagulation  and  neutraliza 
precipitate  the  albumoses  by  saturating 
while  the  peptones  will  remain  in  soh 
probably  the  first  products  of  the  acti 
teids,  and  the  continuance  of  the  actio 
tones.  Besides  the  difference  in-eolubi 
just  stated,  we  may  distinguish  betwe 
the  addition  of  potassium  ferrocyanide 
albumoses  being  precipitated  and  pep: 
of  common  salt  to  saturation  of  the 
albumoses  are  precipitated  while  pepto 
kinds  of  albumoses  are  to  be  dlstingi 
kemialbumose,  to  each  of  which  com 
therefore  anti-peptone  and  kemt-peplm 
of  these  peptones  cannot  be  further 
l^honii- peptone)  is  changed  by  trypsin  i 

As  already  stated  (see  p.  804),  the 
iiiln  the  blood,  are  capable  of  reconvers 
Kmning  material. 

The  lomintion  of  poisonous  album 
a-;  .>  (irtHliiot  of  decomposition  of  prot« 
.ilrvatty  Kt'u  relerred  to  (see  p.  776), 

II.       NUCLEO-ALBU 

Thc^f  cuntaln  ph[>sphorus,  and,  at  ti 
d<.Miiii|H»«l  by  artificial  digestion  with 

I.  Vuellin.  previously  described  under  th< 

as  hy  lilt-  )H-])sin  digestion  a  nuclein  is  sepai 

J.  Casein   is   found  only  in  the  n 

inM>hil)k-  ill  water,  soluble  in  dilute  a! 
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hydrochloric  or  sulphuric  acid.  The  caseins  of  cow*s  milk  and 
human  milk  show,  however,  slight  differences  of  solubility,  as 
well  as  in  the  appearance  of  the  precipitate  obtained  by  the  addi- 
tion of  dilute  acids. 

Casein  is  not  coagulated  by  heat  alone,  a  film  forming  in  this 
case.  The  ferment  rennin  (see  p.  652),  however,  readily  coagu- 
lates it  in  the  presence  of  the  accompanying  calcium  phosphate, 
as  do  gastric  and  pancreatic  juice ;  but  in  milk  freed  from  the 
salts  normally  present,  rennin  will  not  cause  the  formation  of  a 
curd. 

The  artificial  digestive  action  of  pepsin  and  hydrochloric  acid 
decomposes  casein  at  the  temperature  of  the  blood  into  peptone 
and  nuclein. 

Other  nudeo-albumens  are  found  in  the  synovial  fluid,  in  the 
kidneys,  and  in  urine. 

Nucleins. — ^These  are  bodies  containing  phosphorus  which 
are  closely  related  to  the  albuminoids,  and  are  either  found  in 
animal  and  vegetable  cells,  or  are  formed  by  the  decomposition 
of  nucleo-albumens  under  the  influence  of  pepsin  and  hydrochlo- 
ric acid.  They  are  insoluble  in  alcohol  and  ether,  scarcely  solu- 
ble in  water,  but  easily  soluble  in  dilute  alkalies.  By  boiling  with 
alkalies  they  lose  their  phosphorus,  which  splits  off  as  alkali 
phosphate.  Dilute  mineral  acids  split  off  at  ordinary  tempera- 
tures metaphosphoric  acid  from  certain  nucleins,  as  in  the  yolk 
of  egg  and  yeast.  By  boiling  the  nuclein  of  yeast  with  dilute  acids 
xanthine,  hypoxanthine,  and  adenin  (see  p.  667)  are  formed. 

III.     Proteids. 

The  proteids  are  broken  up  by  appropriate  reagents  into  al- 
buminoids on  the  one  hand,  and  non-albuminoid  compounds 
(carbohydrates  or  coloring  matters)  on  the  other.  They  may 
therefore  be  divided  into  two  classes,  Glucoproteids  and  Chromo- 
proteids. 

I.  Glucoproteids. — ^These  yield  on  decomposition  with  dilute 
adds,  along  with  albuminoids,  reducing  compounds  of  the  class 
of  carbohydrates,  or  substances  easily  convertible  into  reducing 
carbohydrates. 

a.  Mucins  and  Macoids. — The  mudns  are  pnrripitateri  from  their  s/^hi- 
tions  by  acetic  add,  and  the  precipitates  so  obtained  are  not  s/^Iuble  in 
excess  of  the  predpitant.  When  boiled  with  dilute  mineral  adds  they 
yield  redudng  substances.  The  solution^  of  the  true  mucins  are  ropy  in 
cbamcter.    Those  glucoprotdds  which  form  ropy  v>luti'^s  but  are  not 
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precipitated  by  acetic  acid  have  been  named  mucoids.  Mucins  and 
mucoids  are  found  in  the  submaxillary  gland  and  the  submaxillary  salix-a, 
in  the  mucous  glands  of  the  air-passages  and  of  the  intestines,  in  the 
umbilical  cord,  and  in  the  sinews  and  tendons. 

/?.  Hyalogens. — These  are  little-investigated  substances  which  are 
found  in  the  skeletons  of  lower  forms  of  animal  life.  By  the  action  of 
alkalies  they  are  changed  into  hyalines^  from  which,  by  more  complete 
decomp>osition,  reducing  compounds  (possibly  carbohydrates)  are  ob- 
tained. 

2.  Chromoproteids. — These  compounds  break  up  into  albu- 
men and  coloring  matter.  The  most  important  representatives  of 
this  class  are  the  HanioglobinSy  or  coloring  matters  of  the  blood. 
The  parent  substance  of  these  compounds  is  Oxyhitmoglobin,  as 
the  compound  of  haemoglobin  with  oxygen  which  occurs  in  arte- 
rial blood  is  called.  To  prepare  it  defibrinated  blood  is  treated 
with  ten  times  its  volume  of  a  salt  solution  (made  by  adding  i 
volume  of  saturated  salt  solution  to  lo  volumes  of  water).  The 
blood-corpuscles  which  settle  out  are  freed  from  the  salt  solution 
by  pouring  this  off ;  2  volumes  of  water  are  added,  and  it  is  then 
shaken  with  an  equal  amount  of  ether.  The  ethereal  layer  is 
poured  off  and  the  aqueous  layer  filtered.  The  filtrate  is  precipi- 
tated by  the  addition  of  ^  its  volume  of  alcohol,  and  allowed  to 
stand  at  a  temperature  of  — 5®.  The  composition  of  the  oxy- 
haemoglobin  crystals  from  the  blood  of  different  animals  varies 
slightly,  but  the  average  composition  is  expressed  by  the  formula 
C^ooHg^Nig^FeSjO^g.  Oxyhaemoglobin  obtained  fi"om  the  blood 
of  man  and  the  majority  of  the  lower  animals  crystallizes  in  prisms 
or  rhombic  plates  of  a  beautiful  blood-red  color.  The  cn'stab 
are  soluble  in  water,  and  the  solution,  if  not  too  concentrated, 
shows  two  absorption  bands  between  the  lines  D  and  E  of  the  spec- 
trum, which  are  visible  with  a  dilution  of  even  ^d^^O'  At  a  tem- 
perature of  from  60°  to  70°  oxyhaemoglobin  splits  up  into  albumen 
and  haematin.  One  molecule  of  oxygen  is  held  loosely  combined 
in  oxyhiemoglobin,  and  is  given  off  in  a  vacuum  or  may  be  dis- 
placed by  inert  gases  like  nitrogen.  The  resulting  compound  is 
rtduced  hwmoglobiny  which  is  present  in  venous  blood,  and  re- 
sults alst)  from  the  putrefactive  decomiK)sition  of  oxyhaemoglobin. 
Its  aqueous  solution  shows  a  broad  absorption  band  between  D 
antl  K.  Hiimo^lobin,  by  absorption  of  oxygen  in  the  lungs,  is 
chanjt^t'd  into  oxyhaemoglobin.  It  also  combines  even  more 
readily  with  certain  other  gases,  such  as  carbon  monoxide,  nitro- 
gen (lioxiiie,  and  hydrogen  cyanide.  Carban'tnonoxide-kamO' 
globin  is  a  compound  of  i  molecule  of  CO  and  i  molecule  of 
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haemoglobin.  Its  aqueous  solution  also  shows  absorption  bands 
in  the  spectroscope  which  differ  in  position  from  those  of  oxy- 
haemoglobin,  being  nearer  the  violet  end  of  the  spectrum.  It 
may  also  be  distinguished  from  oxyhaemoglobin,  according  to 
Hoppe-Seyler's  test,  by  adding  an  equal  volume  of  sodium 
hydrate  solution  of  1.3  sp.  gr.  The  carbon  monoxide  compound 
is  changed  hereby  to  a  clear  red  color,  while  ordinary  blood  is 
changed  to  a  brownish  mass. 

Hamaiin,  C^^26^\^^^t^  is  the  colored  decomposition  prod- 
uct of  the  haemoglobin.  It  is  formed  by  the  action  of  acids  upon 
the  blood,  and  by  the  decomposition  of  haemin  by  an  alkali  hy- 
drate. It  is  an  amorphous,  brownish-black  powder,  insoluble  in 
water,  alcohol,  and  ether,  easily  soluble  in  alkalies.  Its  alkaline 
solution  shows  a  single  brostd  absorption  band  extending  from 
between  C  and  D  to.  near  E  of  the  spectrum.  The  acid  solution 
shows  several  narrow  bands,  instead  of  the  broad  band  just  men- 
tioned. Haematin  forms  a  crystalline  hydrochlorate,  C34HJ5N4- 
Fe05.HCl,  known  as  Hamin,  These  crystalsare  often  obtained 
in  examining  dried  blood-spots.  The  dried  matter  supposed  to 
be  blood  is  warmed  in  a  watch-crystal  with  common  salt  and  gla- 
cial acetic  acid.  On  evaporating  the  solution  on  a  water-bath 
characteristic  crystals  of  haemin  are  obtained.  Haemin  forms  a 
crystalline  powder  of  silky  lustre  and  bluish-black  color,  which  is 
insoluble  in  water,  alcohol,  and  ether,  but  soluble  in  dilute  alkali, 
acidified  alcohol,  and  hot  glacial  acetic  acid. 

By  the  action  of  concentrated  sulphuric  acid  upon  haematin  in  the  pres- 
ence of  oxygen  is  formed  hcptnoporphyrin^  and,  by  the  action  of  the  same 
acid  upon  haematin  in  the  absence  of  oxygen,  hcttnatoliny  both  of  which 
substances  are  free  from  iron. 

IV.     Gelatinoids. 

We  include  here  several  groups  of  insoluble  substances,  which 
are  attacked  with  difficulty  by  digestive  ferments,  and  differ, 
therefore,  from  the  other  tissue-forming  materials. 

I.  Keratins  (or  horny  substances). — These  compounds  are 
found  in  the  epithelial  tissues,  nails,  hair,  horns,  and  hoofs,  and 
in  feathers.  They  contain  carbon,  hydrogen,  oxygen,  nitrogen, 
and  sulphur,  the  percentage  of  the  last-named  element  varying 
considerably  and  being  very  loosely  combined.  These  keratins 
are  insoluble  in  water,  alcohol,  ether,  dilute  acids,  and  alkalies. 
They  are  hardly  attacked  by  digestive  ferments,  but  are  decom- 
posed by  boiling  with  water  under  pressure,  hydrogen  sulphide 
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being  evolved.    When  boiled  with  strong  acids,  leucine,  tyrosin 
and  aspartic  acid  are  formed. 

Keratin,  when  prepared  from  feathers,  forms  a  brownish-yellc 
powder,  soluble  in  concentrated  acetic  acid,  alkalies,  and  ar 
monia,  which  has  been  recommended  for  coating  pills,  so  as 
enable  them  to  withstand  the  digestive  liquids  of  the  stomac 
and  to  act  only  when  in  the  intestines. 

Neurokeratin  is  a  variety  which  has  been  isolated  from  the  ner\' 
and  brain-tissue. 

Spongin  is  the  substance  of  the  common  bath-sponge.  When  decor 
posed  by  acids  it  yields  tyrosine,  leucine,  and  glycocoll. 

Silk  consists  oi  fibroin^  CjjHjjN^Oe,  which  is  covered  with  a 
alteration  product  known  as  sericin  (or  silk-glue),  CjjH^N^O 
The  latter  is  easily  removed  by  warm  soap-water,  and  its  solutic 
so  obtained  constitutes  the  **boiled-off''  liquor  of  the  silk-dye 
Fibroin  is  decomposed  by  acids,  yielding  glycocoll,  alanine,  lei 
cine,  and  tyrosine. 

Cerebrin  and  ChiHn,  which  may  be  included  here,  have  already  be< 
described  (see  p.  799). 

2.  Collagen. — The  white  fibres  of  connective  tissues  (sine^ 
and  tendons)  are  mainly  composed  of  a  substance  now  general 
termed  collagen.  Its  most  important  reaction  is  the  change  in 
gelatin  when  boiled  with  water.  Bones  also  contain  a  substanc 
ossein,  which  undergoes  a  similar  change.  The  solutions  o 
tained  in  these  cases  **  gelatinize*  *  or  set  to  a  jelly-like  mass  < 
cooling,  and  this,  if  carefully  dried,  forms  the  commercial  gelati 
or  glue.  Solutions  of  gelatin  are  precipitated  by  a  number  \ 
the  alkaloidal  reagents  (see  p.  757).  Pepsin  or  trypsin  conver 
gelatin  into  gelatine-peptones,  and  certain  micro-organisms  ha^ 
also  the  power  of  liquefying  and  decomposing  it.     When  decor 

I  posed  by  acids  gelatin  yields  ammonia,  glycocoll,  leucine,  ar 

I  glutamic  acid,  but  not  tyrosine  or  iodol. 

j  Hotimeister  has  found  that  by  heating  gelatin  for  some  time  1 

130*  it  loses  about  0755  per  cent,  of  water,  and  becomes  coi 
vorted  into  a  body  in  all  respects  identical  with  collagen.  H 
therefore  considers  that  collagen  is  simply  the  anhydride  of  geh 

f  tin.  and  ascribes  to  them  the  formulas  Cj^gHmNjiOj,  for  gelatir 

anvi  C|Q,H|^N3iO„  for  collagen. 

C^.^nJrim,  formerly  considered  to  be  the  gelatigenous  material  of  tis 
sut^  is  now  considered  to  be  a  mixture  of  gelatin  with  chondromucok 
and  chondrottic  add. 
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3.  Elastin. — When  connective  tissue  is  treated  with  acetic 
add  the  white  fibres  swell  up  and  become  transparent,  whilst  the 
elastic  fibres  remain  unaltered,  and  can  be  seen  very  distinctly. 
Prolonged  boiling  with  water  also  decomposes  the  collagen  of  the 
white  fibres  and  leaves  the  elastin.  So  far  as  is  known  elastin  is 
not  soluble  in  any  liquid  which  does  not  decompose  it.  It  is 
soluble  in  boiling  potassium  hydrate,  in  cold  concentrated  sul- 
phuric acid,  and  in  concentrated  nitric  acid.  It  is  also  gradually 
dissolved  when  digested  with  pepsin  and  trypsin.  With  sulphu- 
ric acid  it  yields  leucine,  but  no  tyrosine. 

4.  Amyloid  (Lardacein)  is  a  proteid  substance  found  under 
pathological  conditions  in  the  liver,  spleen,  kidneys,  and  intes- 
tines. It  forms  small  grains  somewhat  resembling  starch  gran- 
ules, whence  the  name.  It  is  acted  upon  by  pepsin  and  hydro- 
chloric acid  with  great  difficulty.  When  dissolved  in  alkalies  it 
yields  an  alkali-albuminate,  and  with  concentrated  hydrochloric 
acid  yields  an  acid-albuminate.  It  is  colored  reddish-brown  with 
iodine,  and  violet  with  iodine  and  sulphuric  acid. 
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SECTION  I. 


QUALITATIVE    ANALYSIS. 

PRELIMINARY  CONSIDERATIONS. 

Qualitative  analysis  may  be  appropriately  considered  under 
two  heads,  (i)  the  behavior  of  known  elements  and  compounds 
towards  certain  other  known  elements  and  compounds,  term^ 
reagents,  and  (2)  the  separation  or  detection  of  unknown  ele- 
ments and  compounds  by  means  of  these  reagents.  The  latter 
is  frequendy  accomplished  by  converting  the  element  sought 
into  some  well-known  and  characteristic  compound. 

A  reagent,  then,  is  a  substance  applied  to  another  in  order  to 
separate  it,  or  to  produce  with  it  some  distinguishing  result. 

Reagents  may  be  applied  in  two  ways,  wet  and  dry  ;  the  former 
usually  consists  in  adding  a  solution  of  the  reagent  to  a  solution 
of  the  substance  under  investigation.  This  method  of  employ- 
ing reagents  is  almost  exclusively  used  in  pharmaceutical  analysis. 

The  list  of  reagents  given  in  the  United  States  Pharmacopoeia 
will  be  found  to  supply  all  the  needs  for  a  full  study  of  qualita- 
tive analysis. 

Precipitation  is  the  process  performed  most  frequently  in  chem- 
ical analysis.  It  consists  in  adding  a  reagent,  drop  by  drop,  to 
a  solution  of  the  substance  under  examination  until,  after  agi- 
tating and  sometimes  warming,  no  further  precipitate  is  pro- 
duced. 

Filtration  is  the  natural  sequence  of  precipitation,  and  is  most 
readily  accomplished  by  pouring  the  mixture  on  a  plain  filter, — 
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Fig.  I0& 


that  is,  one  which  has  been  folded  twice  and  opened  so  as  to  fon^M 
a  cone  ;  this  cone  should  be  placed  in  a  funnel  large  enough  t^^ 
prevent  the  filter  projecting  above  its  edge. 

The  result  of  tiltration  is  the  separation  of  a  mixture  into 
precipitate  and  Si  Jiltraie.     Filtration   should  not  be  performer?-, 
immediately  after  the   reagent  h^^ 
been  added,  but  a  few  minutes  5hou2</ 
be  allowed  to  elapse  for  complete 
precipitation  to  take  place,  and  ihe 
filtrate  should  always  be  tested  v/'ith 
a  litde  more  of  the  reagent  in  order 
to  determine  if  the  precipitation  has 
been  complete. 

Precipitates,  as  a  rule,  should  be 
well  washed  ;  this  is  accomplished  by 
the  use  of  a  wash-bottle,  illustraied 
in  Fig,  io6.  By  blowing  ait  into 
the  shorter  tube  a  jet  of  water  is 
forced  from  the  longer  one,  and  this 
jet  maybe  directed  on  any  part  of 
the  precipitate.  It  sometimes  pre- 
vents the  washings  from  coming 
through  cloudy  to  allow  all  of  the 
liquid  on  the  precipitate  to  drain 
through  before  adding  more.  In  qualitative  analysis  it  is  not 
necessary  to  save  all  the  washings. 

Reagents  in  the  dry  way  are  generally  applied  with  the  aid  of 
heat.  This  is  usually  accomplished  by  heating  the  substancein 
a  borax  bead  or  on  charcoal. 

The  process  by  which  a  color  is  imparted  to  the  non-luminous 
flame  of  a  Bunsen  burner,  when  a  substance  on  platinum  wire  is 
held  therein,  may  also  be  considered  to  belong  to  this  method- 
For  treatment  on  charcoal  a  blowpipe  is  necessary,  but  boru 
beads  may  be  sufficiently  heated  in  the  Bunsen  burner  flame. 
To  fully  describe  the  structure  of  this  flame.  Fig.  107  is  here 
given.  The  inner  cone  terminates  at  or  near  a  a,  the  flame  en- 
velope extends  from  a'  a'  to  c ;  /  is  the  upper  oxidizing  flame,/ 
is  the  upper  reducing  flame,  and  is  in  the  luminous  part  aab,^ 
is  the  point  of  highest  temperature,  i  is  the  lower  oxidizing 
flame,  *  is  the  lower  reducing  flame,  and  /  is  the  base  of  the  flame. 
The  blowpipe  flame  is  best  illustrated  by  Fig.  108,  in  which  a  is 
the  reducing  flame,  and  b  the  point  of  most  energetic  oxidalioii. 
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The  flame  reactions  are  best  obtained  by  use  of  the  platinum 
irire  which  is  conveniently  attached  to  a  glass  handle,  as  shown 


in  Fig.  109.  This  wire,  with  some  of 
the  substance  adhering  to  it,  should 
be  brought  into  the  flame  a  little  above 
the  base,  /,  Fig.  107.  That  part  of 
the  wire  nearest  the  glass  handle  should 
be  introduced  first,  and  the  wire  drawn 
through  to  the  loop  at  the  end.  In 
this  way  the  substance  is  volatilized 
and  imparts  color  to  the  whole  length 
of  the  flame  from  /  to  c.  To  clean  the 
wire  it  should  be  alternately  dipped  in 
distilled  water  and  drawn  through  the 
flame  at  g. 

gh  flame.  Analytical     chemistry     should     be 

studied  with  the  assistance  of  a  com- 
petent instructor  whenever  that  is  possible.  To  those,  however, 
who  may  be  under  the  necessity  of  undertaking  the  study  alone 
some  simple  directions  may  be  useful. 

Fig.  109. 


Ptatlnum  wire. 


In  order  to  separate  and  detect  the  different  elements,  one 
should  first  make  a  practical  study  of  them  and  their  behavior 
towards  reagents. 

In  commencing  the  analysis  of  the  first  group,  therefore,  ihe 
action  of  a  few  reagents  should  be  tried  on  a  salt  of  pota.' 
preferably  the  chloride.     In   other  words,    iln     -tinl 
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perform  the  reactions  given  under  potassium,  sodium,  lithiui 
and  ammonium,  as  described  in  the  text.  Having  acquired  -M 
thorough  knowledge  of  the  behavior  of  the  salts  of  these  elK'—l 
ments  towards  certain  reagents,  he  is  prepared  to  try  the 
reagents  on  unknown  solutions  containing  salts  of  this  grou 
He  should  have  some  one  else  to  furnish  him  with  these  solutioi 
so  that  he  may  be  literaUy  working  on  unknown  substanc( 
When  the  material  taken  for  analysis  is  in  the  form  of  a  liqui 
it  is  usually  described  as  the  original  solution. 

After  a  thorough  knowledge  of  the  first  group  has  been 
quired,  which  may  usually  be  accomplished  by  the  analysis 
from  three  to  five  unknown  solutions,  the  student  is  prepared 
undertake  the  study  of  the  second  group.  This  is  done,  as  wi" 
the  first  group,  by  performing  the  reactions  with  known  sol 
tions,  and  then  detecting  imknown  bases.  When  the  secoi 
group  is  completed,  a  number  of  solutions  containing  salts 
both  groups  should  be  analyzed.  In  this  way  one  group  is  add(*=*d 
at  a  time  until  the  seven  groups  of  bases  have  been  studic  i^« 
The  acids  are  then  taken  up  in  like  manner,  and,  finally,  u  ^3i- 
known  substances  are  examined  for  both  bases  and  acids. 

It  is  still  more  important  that  the  student  should  be  under  t^^he 
guidance  of  a  competent  instructor  when  he  commences  the  stuc:ii=dy 
of  quantitative  analysis. 

The  most  important  rules  to  be  observed  in  the  practical  stu^^"d) 
of  chemistry  are  :  to  avoid  all  feverish  hurry  ;  to  add  no  reagi        snl 
until  time  has  been  taken  to  understand  the  purpose  for  whi 
it  is  added  ;  to  remove  from  the  table,  as  soon  as  any  part  of 
operation  is  completed,  the  materials  concerned  in  it ;  to  cl< 
the  vessels  in  which  the  substances  were  contained ;  to  obse^^zrve 
the  strictest  care  and  neatness  in  all  manipulations  ;  and,  finaL     //, 
to  keep  a  complete  record  of  all  observations  made  and  wc — ->r<r 
performed. 


CHAPTER  I. 

THE  REACTIONS  AND  DETECTION  OP  BASES. 
Group  L    Potassiuin,  Sodium,  Lithium,  Ammonium. 

Reactions  of  Soluble  Salts  of  Potassium. 

Use  a  ^'per-cent.  solution  of  potassium  chloride ^  KQ. 

I.  PtClf  added  to  some  of  the  above  solution  of  KCl  causes  a 
yellow,  crystalline  precipitate  of  potassium  platinic  chloride, 
KjPtQ^*  soluble  in  excess  of  water. 

2KCI    +    PtCU    =    KaPtCle. 

3.  Cog(NOg)j6NaNOa  produces  in  neutral  or  slightly  acid 
solutions  a  yellow,  crystalline  precipitate  of  potassium  cobaltic 
nitrite,  V^JZoJ^^O^^ 

6KC1    +    Co8(NOg)e6NaN05i    =    KeCogCNOa)^    +    6NaCl. 

Alkaline  solutions  should  be  acidified  with  acetic  acid  previous 
to  adding  the  reagent. 

3.  HgQH^Oj,  in  concentrated  solution,  added  to  a  solution 
of  a  salt  of  potassium,  produces  a  white,  crystalline  precipitate 
of  acid  potassium  tartrate,  KHQH^Oe,  soluble  in  excess  of 
water,  readily  in  hot  water,  acids,  or  potassium  hydrate. 

KCl    -f-    HgC4H40e    =    KHC4H40e    +    HCl. 

4.  QHg^NOg^gOH,  in  saturated  solution,  forms  a  yellow, 
aystalline  precipitate  of  potassium  picrate,  CjHg(N0g)80K 

KQ    +    CeHg(N0a)80H    =    CeHg(N0a)80K    +    HCl. 

5.  A  fragment  of  a  potassium  salt,  on  the  loop  of  a  platinum 
wire  held  in  the  non-luminous  flame  of  a  Bunsen  gas-lamp,  im- 
parts a  violet  color.  Organic  matter  also  colors  the  flame  violet ; 
hence  it  should  be  removed  by  ignition  before  testing  for  potas- 
sium. This  reaction  is  also  interfered  with  by  the  presence  of 
sodium  salts,  which  color  the  flame  yellow.     The  yellow  rays 

♦Agitation  by  stirring  with  a  glass  rod  facilitates  the  formation  of  this  and 
the  following  precipitates  of  this  element,  while  the  addition  of  alcohol  serves 
to  render  the  precipitation  more  complete.  The  precipitates  from  the 
reactions  under  p>otassium  should  be  preserved  to  compare  with 
tained  from  ammonium,  that  the  great  similarity  may  be  noted. 
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of  sodium  may  be  excluded  by  viewing  the  flame  throiq 

glass.  I 

6.  Potassium  salts  are  not  volatile  at  a  low  red  heat, , 

slowly  volatilized  at  a  white  heat.  i 

Reactions  of  Soluble  Salts  of  Sodium,   ' 
Use  a  i-per-ceni.  soiulion  of  sodium  chloride,  NaCl.      I 

1.  Sodium  salts  color  the  non-luminous  flame  yellow.] 
So  delicate  is  this  reaction  that  the  merest  traces  of  the) 

are  revealed  by  it,  and  even  the  presence  of  much  lai^eri 
ties  of  potassium  salts  do  not  render  it  less  effeciivi 

It  is  particularly  characteristic  of  these  yellow  rays 
do  not  pass  through  a  blue  medium  ;  consequently,  in  tit 
cation  of  the  flame  lest,  the  yellow  color  may  be  exclt) 
viewing  the  flame  through  a  blue  glass  (tinted  with  cobalt* 
which  thus  serves  to  render  the  violet  color  impaned  b| 
^um  salts  still  more  distinct.  \ 

2.  The  salts  of  sodium  are  not  volatile  at  a  low  red  hi 
are  slowly  volatilized  at  a  white  heat. 

Reactions  of  Soluble  Salts  of  Lithium. 
Use  a  2-per-eent.  solutivH  of  lithium  chloride,  LiCL 
1.  NagHPO^  produces,  on  boiling,  a  white  precipitate  i 
ium  phosphate,  LijPO^. 

iUC\    +    NagHPO,    =    UsPO,    +    iNaCI    +    HOl 

This  reaction  takes  place  more  readily  when  the  solutioi 

made  alkaline  with  NaOH  or  NH^OH.  j 

3.  Lithium  salts  impart  an  intense  crimson  color  to  d 
luminous  flame.  This  is  more  or  less  interfered  with  by 
salts,  but  the  yellow  color  of  sodium  may  be  excluded  hj 
nary  blue  glass,  which,  if  not  too  dark,  will  allow  the  < 
rays  of  lithium  to  pass  through.  These  must  not  be  oj 
with  the  violet  potassium  rays,  which  will  pass  through! 
blue  Blass. 

3-  Lithium  salts  are  not  volatile  at  a  low  red  heat,  I 
slowly  volatilized  at  a  white  heat. 

Reactions  of  Soluble  Salts  of  Ammoniu; 
Use  a  sfier-cenf.  soluUott  of  ammonium  chloride,  NH^fl 
I.  PtCl,  produces  a  yellow,  crystalline  precipitate  of  ■ 
nium  platinic  chloride,  {NHj)jPtC 
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Precipitate  Li. 

White. 

Wash  with  hot  water  containing  NH4OH  un- 
til the  washings  show  no  more  yellow  flame 
from  sodium  salts,  then  dissolve  the  ppt.  in 
HCl  and  apply  flame  test. 

Crimson  color  indicates  Li. 


FUtrmte  K. 


Acidify  with    HCsHjO,, 
add  CotcNOa)«6NaNOt. 
Yellow  ppt.  indicates  K. 


Group  n.   Barium,  Strontiuin,  Oaloium,  Maernesium. 
Reactions  of  Soluble  Salts  of  Barium. 

Use  a  ^-percait,  solution  of  barium  chloride^  BaCl^.  2H2O. 

1.  HjS04  produces  an  immediate  precipitation  of  white  l^ at- 
rium sulphate,  BaS04,  insoluble  in  boiling  HCl  or  HNO3. 

BaClj    +    HaS04    =    BaS04    +    2HCL 

2.  K^Cr04,  even  in  dilute  solutions,  causes  a  yellow  precipit^»-te 
of  barium  chromate,  BaCr04,  soluble  in  HCl  or  HNO3,  fc:^^^ 
insoluble  in  HCgHgO^. 

BaCla    -f    KaCr04    =    BaCr04    -f    2KCL 

3.  (NH4)aC03  precipitates  white  barium  carbonate,  BaCC ->r 

soluble  in  HCjHjOj. 

BaClg    +    (NH4)aC08    =    BaCOs    +    2NH4CI. 

4.  (NH4)gHP04    produces  a  white    precipitate    of  barfi 
phosphate,  BaHP04,  soluble  in  HCjHjO,  or  HCl. 

BaCla    -f     (NH4)gHP04    =    BaHP04    +    2NH4CI. 

5.  (NH4)aCj04  causes  a  white  precipitate  of  barium  oxalal 
BaCa04,  slightly  soluble  in  HCjHjOj.     This  precipitation 
not  take  place  in  very  dilute  solutions. 

BaCla    +    (NH4)aCa04    =    BaCa04    +    2NH4a. 

6.  The  salts  of  barium  impart  a  green  color  to  the  non-lui — '^^' 
nous  flame. 

Reactions  of  Soluble  Salts  of  Strontium. 

Use  a  s-p^^-cent,  solution  0/ strontium  nitrate,  Sr(NO,V 

1.  H2SO4  forms  a  white  precipitate  of  strontium  sulpha'C^^/ 
SrS04,  immediately  if  the  solution  be  strong,  but  not  until  after 
some  time  if  it  be  very  dilute. 

2.  KaCr04  produces  no  precipitate  in  the  presence  of  HQ- 
H3O2,  but  if  the  solution  be  made  alkaline  with  KOH,  a  yellow 
precipitate  of  strontium  chromate,  SrCr04,  falls. 
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POj,  slightly  soluble  in  water,  but  almost  insoluble  in  water  coo 
taining  NH.OH. 

MgSO,    +    NHjUH     +     (NH.)jHPO«    =    Mg(NH4)P04    + 

(NH^t^U,     -r      HjO.  I 

Violent  agitation  or  stirring  asasts  in  the  formation  of  thf| 
precipitate.  . 

(NH,)aHAs04.  under  similar  circumstances,  forms  white,  cry^ 
talline  magnesium  ammonium  arsenate,  MgCNH^IAsO^. 

NH,C1  takes  no  part  in  the  reaction,  except  to  prevent  ih* 
precipitation  of  Mg(OH)j. 

4.  The  salts  of  magnesium  do  not  impart  color  to  the  flame.    1 

Chart  for  the  Detection  of  the  Bases  in  a  SoLim<a| 

CONTAINING   SOLUBLE    SaLTS   OF   GROUP   H.  I 


e  origmal  solution  NHtCI,  NHiOH,  and  (NHi)iCOi,  boil  a 


Precipiuie    Ba,  Sr,  Ca. 


Ppl.  Ba. 

Yellow. 


Filtrate    Sr,  Ca, 
Add  very  dilute  H^SO,,  allow  to 
minutes,  and  filter. 


Ppi.  St. 

White. 
Wash,    moisten    with 
HCl,  and  confirm  by 
ilame  lest. 


Filtrate  Ca. 
Add    NHiOH   in    ex- 
cess and  lNH,)iC>0,, 
While  precipitate  in- 


Filtrate  Mg.    ' 

Allow  to  cool,  add 

iNH.iHPO,,    I 


ppi.  inoi- 

4 


That  the  student  may  become  acquainted  with  the  method  aP 
analysis  by  this  and  subsequent  charts  the  following  cxplanatio^ 
is  given,  in  the  belief  that  a  thorough  study  of  it  will  enable  hin 
to  understand  all  the  charts  which  follow,  as  they  ar?  simpl] 
enlargements  of  this  scheme.  j 

To  a  convenient  quantity  of  the  original  solution  in  a  test-tubj 
add  an  equal  volume  of  a  lo-per-cent,  solution  of  NH^CI,  clos^ 
and  invert  the  tube  so  as  to  thoroughly  mix  the  contents,  adtf 
NHjOH  in  excess  (or  until,  after  mixing,  the  solution  smells  d 
tinctly  of  it),  then  add  (NH,)jCOa,  and,  if  a  precipitate  i 
formed,  boil,  and  continue  the  addition  of  this  reagent  luttU  t 
precipitation  is  completed,  then  filter. 
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We  suppose  all  four  of  the  bases  under  consideration  to  be 
present  in  the  solution  until  their  absence  is  proven  ;  so  by  the 
foregoing  treatment  we  separate  them  into  two  forms,  — an  insol- 
uble part,  called  2.  precipitate,  and  consisting  of  Ba,  Sr,  and  Ca  as 
carbonates,  and  a  liquid  portion,  called  a  filtratey  and  containing 
Mg  as  carbonate,  to  keep  which  from  precipitating  the  NH^Cl  is 
added. 

A  few  drops  more  of  CNH4)2C03  should  be  added  to  the  fil- 
trate and  the  whole  again  boiled,  to  make  sure  that  all  the  car- 
bonates of  Ba,  Sr,  and  Ca  have  been  precipitated.  If  this  is  found 
to  be  the  case,  (NH^)||HP04  is  added  to  the  cooled  filtrate,  when, 
if  Mgbe  present,  a  white,  crystalline  precipitate  of  Mg(NH4)P04 
wiU  form. 

The  precipitate  of  the  carbonates  of  Ba,  Sr,  and  Ca,  after  being 
washed  by  forcing  a  jet  of  water  from  the  wash-bottle  on  it,  is 
dissolved  in  HC^HjOj,  which  is  distributed  in  drops  upon  the 
filter.  Effervescence  arises  from  the  action  of  the  HC^HgOj  in 
decomposing  the  carbonates  to  form  soluble  acetates  of  Ba,  Sr, 
and  Ca.  The  solution  so  obtained  is  allowed  to  pass  through  the 
filter,  which  to  prevent  loss  of  material  is  afterwards  washed  with 
water ;  the  latter  being  collected  with  the  HC^HgOj  solution, 
serves  the  additional  purpose  of  diluting  it. 

To  this  solution  a  few  drops  of  }^JZxO^  are  added.  If  Ba  is 
present  a  yellow  precipitate  is  produced,  in  which  case  sufficient 
of  the  KjCrO^  should  be  added  to  impart  its  yellow  color  to  the 
supernatant  liquid,  thus  signifying  the  complete  precipitation 
of  the  Ba  as  BaCr04.  The  mixture  is  then  filtered  ;  this  again 
divides  the  material  into  a  precipitate  and  a  filtrate,  the  former 
indicating  Ba,  and  the  latter  containing  Sr  and  Ca.  To  this  fil- 
trate very  dilute  HaS04  (made  by  adding  a  small  quantity  of 
HgS04  to  about  20  times  its  volume  of  water)  is  added,  the 
mixture  allowed  to  stand  for  10  minutes  for  the  SrS04  to  form 
and  subside,  and  then  filtered,  whereby  another  precipitate,  con- 
sisting of  Sr  as  SrS04,  and  a  filtrate  containing  the  Ca  are  ob- 
tained. 

The  precipitate  is  washed  well  with  water,  then  moistened  with 
a  drop  of  HCl  (which  serves  to  render  it  somewhat  more  volatile), 
and  confirmed  by  holding  it  upon  a  platinum  wire  in  the  non- 
luminous  flame,  which  will  be  colored  intense  red  if  Sr  be  pres- 
ent. To  the  filtrate  from  the  SrS04  precipitate  add  NH4OH  in 
excess,  and  then  (NH4)aCa04,  when,  if  the  solution  contained 
Ca,  a  white  precipitate  of  CaC204  will  be  produced. 
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Chart  for  the  Detection  of  the  Bases  in  a  Solutiom 

CONTAINING     SOLUBLE      SaLTS     OF     ALL     THE     FoREGOING 

Elements. 


Ba,  Sr.  Ca,  Mg,  K,  Na,  Li,  NH4. 
Add  to  the  original  solution  NH4CI,  NH4OH,  and  (NHihCOs,  boil  and  filter. 


Precipitate  Ba,  Sr,  Ca. 

Wash,    dissolve  in    HCsHsOt,   dilute 
with  HsO,  add  KsCrOi,  and  filter. 


Ppt.  Ba. 
Yellow. 


Filtrate  Sr,  Ca. 

Add    very  dilute    H1SO4, 
allow  to  stand,  and  filter. 


Ppt.  Sr. 

White. 

Confirm 

by  flame 

test. 


Filtrate  Ca. 

Add  NH«OH 

until  alkaline, 

and  then 

(NH4)2Cj04. 

White  ppt. 


Filtrate  Mg,  K,Na,  Li,  NH4. 

Allow  to  cool,  add  (NHi^iHPOt,  agi- 
tate, and  filter. 


Ppt.  Mg. 

White, 
crystal- 
line. 


Filtrate  K,  Na,  Li,  NH4. 

Add  NatHP04  and  NaOH, 
boil  to  a  small  bulk  and 
until  all  NHs  has  been 
expelled,  filter. 


Ppt.  Li. 

White. 

Confirm 

by  flame 

test. 


Filtrate  K,  Na. 

Acidify  with 

HCtHsOi  and 

add  Cos(NOj)r 

6NaN0i. 
Yellow  ppt.  in- 
dicates K. 


Test  for  Na  and 
NH«  in  the 
original  sola- 
tion. 


Gioup  HL    Manganese,  Zino,  Ctobalt,  NlokeL 
Reactions  of  Soluble  Salts  of  Manganese. 

Use  a  2-per-cent,  solution  of  manganous  sulphate,  MnSO|.' 
4HaO. 

I.  NH4HS,  in  neutral  or  alkaline  solution,  precipitates  flesh- 
colored  manganous  sulphide,  MnS,  which  on  exposure  to  air 
becomes  brown. 

MnS04    +    2NH4HS    =r    MnS    +    (NH4)aS04    +    H,S 

When  NH^QHgOa  is  present  and  NH^HS  or  H,S  is  added, 
MnS  is  formed,  but  is  held  in  solution  by  the  HCjHgO,  set  free 

in  the  reaction. 

MnS04  +  2NH4CaH30a  -f  H^S  =  MnS  +  (NH4)jS04  -f  2HC,H,0r 
HCI  or  HNO3  2i^so  dissolves  the  precipitate. 
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hydrate,  Zn(OH\y  readily  soluble  in  excess  of  die  reagent, 
forming  zincates,  as,  for  instance,  Zn(OK)2. 

ZnvOH)a    -f    2KOH    =    Zn(OK)g    +    aHjO. 

These  compounds  are  decomposed  on  boiling,  Zn(OH),  being 
again  precipitated,  or  by  NH^HS,  ZnS  resulting. 

4.  (NH4)gC03  forms  a  white  precipitate  of  basic  zinc  car- 
bonate, (ZnC03)2(Zn(OH)jV,  readily  soluble  in  excess. 

sZnSO*    -f    5(NH4)aC08    +    aHaO    =^    (ZnCOs)a(Zn(OH)a)s  + 

5(NH4),S04    +    3CO,, 

5.  KjCOg  or  Na^CO,  produces  the  same  precipitate,  but  does 
not  redissolve  it  when  added  in  excess. 

6.  On  charcoal,  before  the  blowpipe,  metallic  zinc  volatilizes 
and  bums,  forming  an  incrustation  of  zinc  oxide,  ZnO,  which 
is  yellow  while  hot,  but  becomes  white  on  cooling.  If  this  coat- 
ing be  moistened  with  a  drop  of  cobaltous  nitrate,  and  again 
heated  in  the  outer  flame,  it  becomes  green  from  the  admixture 
with  cobalt  oxide. 

Reactions  of  Soluble  Salts  of  Cobalt. 

[/se  a  2-per'Cent.  solution  of  cobaltous  nitrate^  Co(N03)|.- 
6HjO. 

1.  HjS,  in  the  presence  of  NH^C^HjOg,  produces  a  black 
precipitate  of  cobaltous  sulphide,  CoS,  insoluble  in  HCgH,0| 
and  cold  dilute  HCl,  but  soluble  in  hot  HCl  or  HNO3. 

2.  NH4HS  precipitates  CoS.  The  precipitation  is  promoted 
by  the  presence  of  NH^Cl. 

3.  KOH  or  NaOH  produces  a  blue  precipitate  of  cobaltous 
hydrate,  Co(OH)j,  insoluble  in  excess,  and  becoming  pink  on 
boiling  or  exposure  to  air. 

4.  NH4OH  causes  a  precipitate  of  Co(OH)g,  soluble  in  excess 
of  the  reagent,  with  the  production  of  a  red  color.  Sugar  and 
some  other  organic  compounds  prevent  the  precipitation  by  the 
alkali  hydrates. 

5.  KCN  gives  a  red-brown  precipitate  of  cobaltous  cyanide, 

Co(CN)a. 

Co(N03)a    -f    2KCN    =    Co(CN)a    -f    aKNOs- 

The  precipitate  dissolves  in  an  excess  of  KCN  to  produce 
cobaltous  potassium  cyanide,  Co(CN)g.4KCN.  From  this 
solution  Co(CN)a  is  again  precipitated  by  HCl.  If,  however, 
the  solution  be  boiled  with  only  a  few  drops  of  HCl,  Co(CN)f 
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Chart  for  the  Detection  of  the  Bases  in  a  Solutioj 

CONTAINING  SOLUBLE   SaLTS  OF  GrOUP   III. 


Add  NH^OH  to  the  original  solution  until  strongly  alkaline,  then  ac  idi/y 
slightly  with  HC2HaOi,  warm,  add  HaS  until  the  liquid  smells  strongly- of 
the  reagent,  and  filter. 


Precipitate  Zn,  Co,  Ni. 

Wash,  dissolve  in  a  boiling-hot  mixture  of  2  parts  HCI 
and  I  part  HNO3,  evaporate  almost  to  dryness,  add 
HiO  and  then  KOH  until  distinctly  alkaline,  and 
filter. 


Precipitate,  Co,  Ni. 

Wash,  dissolve  in  hot  HCI,  evaporate  al- 
most to  dryness,  add  H2O  and  then 
KCN  until  the  ppt.  first  formed  redis- 
solves,  boil  with  a  drop  or  two  of  HCI 
for  one  or  two  minutes,  then  add  more  j 
HCI  until  the  reaction  is  acid  and  boil 
until  all  odor  of  HCN  disappears, 
make  alkaline  with  KOH,  and  filter. 


Ppt.  Ni. 

Green. 

Wash  well,  allow  to 

drain,  and  test 

with  borax  bead. 

Reddish-brown 

color. 


Filtrate  Co. 

Evaporate  to  dry- 
ness and  test 
with  borax  bead. 
Blue  color. 


Filt.  Zn. 

Add  NH4HS, 

warm,  and 

allow  to 

stand. 

White  ppt. 


Filtrate  Mn. 

Make  alkaline  with 
NH4OH  and  add 
HxS. 

Flesh-colored  ppt. 

Apply  Crum's  test  to 
the  original  solu- 
tion. 


Notes  on  the  Preceding  Chart. 

1.  Time  and  work  may  sometimes  be  saved  by  carefully  noting 
the  color  of  the  precipitate  produced  by  H^S  ;  for  instance,  if 
not  black,  Co  and  Ni  are  evidently  absent. 

2.  The  great  delicacy  of  Crum's  test  for  Mn  when  conducted 
under  proper  conditions  recommends  its  invariable  application  to 
the  orij^inal  solution  as  the  best  means  of  detecting  that  element 

3.  In  evaporating  the  solution  obtained  by  dissolving  the  pre- 
cipitate in  HCI  and  HNO3  almost  to  dryness,  precaution  should 
be  taken  that  the  material  is  not  overheated  around  the  edge 
of  the  liquid  and  thus  rendered  partly  insoluble  in  water.  To 
obviate  any  such  occurrence  the  application  of  heat  should  be 
discontinued  when  the  solution  has  been  reduced  to  some  few 
drops  ;  the  dish  should  then  be  b^^ld  in  the  fingers  and  rotated  in 
such  a  manner  that  the  evaporation  of  the  remaining  liquid  shall 
be  accomplished  by  the  heat  of  the  vessel. 


THE   REACTIONS  AND   DETECTION  OF   BASES. 


835 


H 

u 

o 

o 
u 
o 


4> 


ctf 
15 


iJC/) 

ex 

CQU 

'^X 

No 
c  « 

c 
be 

u 
O 


< 


1- 

c 

.  — ■ 

^  «u 

PQ    O  CO 

Eli 

CO 

o 

1> 

CO 

k. 

a 

> 


M    CO 

s  * 

^  z, 

< 


Kg 


•i  §^| 
.   < 


'bic-o 

o  ♦^  cs 
*-5co 


a> 


£• 


^  U  u 
•3  eo 


pa 


FUt.  Sr.  Ca. 

Add  very  dilute  H2SO4, 
allow  to  stand  for  10 
minutes,  filter. 

• 
• 

:3 

eg  q| 

• 

m 

White. 
Confirm 
by  flame 

test. 

Intense 

red 

• 

u 

0 

eg  c    M 

»  >  s  E 

c  o  "  £ 


rt 


c    _ 

c  CO  1 
S  $2Co 

0*    c  «  =* 
—  ^  >. 

5-1  — 

15  «^ 


a; 

a 

c 

1 

B 

o 

« 

o 


.    »  V  CO  CO 

^      As 


•  •S 

*^  ^iM 

I/:  i  'J    1 

d   £  w 

(A    X    S 

CS   C   CO 

rt  =  3 

^ 

:^ 

X  o  r*  CO 

i^  Jo- 

xI.EO 


2D 
6^ 


a  > 

(A 

(A 


0/ 

bo 

a 

b« 

e 

c 
c 


c 
Z 


CO  2 
=  c  i: 

CO  «0   C 


s 


•o  X 

^^    CO    10    CO    '^  ^ 


55    ?-r  -^      X5  fc- 


^ 


836  ANALYTICAL  CHEMISTRY. 

Notes  on  the  Preceding  Chart. 

1.  It  is  particularly  important  not  to  filter  immediatdy  after 
adding  NH4HS  in  the  first  precipitation,  otherwise  the  Mn  will 
not  be  thoroughly  precipitated. 

2.  When  Ni  is  present  it  may  remain  in  solution  in  the 
NH4HS,  causing  the  filtrate  to  be  dark ;  in  which  case  a  dark 
precipitate  of  NiS  will  separate  upon  evaporating  the  filtrate  in  a 
dish  to  remove  NH4HS. 

The  indication  of  the  complete  removal  of  the  NH4HS  is  a 
colorless,  supernatant  liquid,  either  remaining  firom  the  partial 
evaporation  of  the  filtrate,  or  obtained  by  adding  Hfi  to  the 
residue  in  the  case  of  evaporation  to  dryness. 

After  filtering  proceed  with  the  colorless  filtrate,  while  the  NiS 
on  the  filter  is  being  washed  and  afterwards  dissolved  along  with 
the  precipitate  of  Mn,  Zn,  Co,  Ni,  and  in  the  same  boiling-hot 
mixture  of  HCl  and  HNO3. 

Gioup  rv.    Iron,  Oerium,  AliiTnlniiTn,  Ohromium. 
Reactions  of  Iron  as  Soluble  Ferrous  Salts. 

Use  a  2'per'Cent,  solution  of  ferrous  sulphate,  FeSO4.7H,0. 

1.  K4Fe(CN)j,  in  neutral  or  slightly  acid  solution,  gives  a 
white  (rapidly  changing  to  light  blue)  precipitate  of  potassium 
ferrous  ferrocyanide,  KjFe(Fe(CN)j),  known  as  Everett's  salt 

FeS04    +    K4Fe(CN)e    =    KaFe(Fe(CN)e)    +    K^4. 
Alkali  hydrates  decompose  this  compound,  forming  ferrous 
hydrate,  Fe(OH)j,  and  a  ferrocyanide  of  the  base  used. 

KaFe(Fe(CN)e)    +    2KOH    =    Fe(OH)a    -f    K4Fe(CN)r 

2.  KgFegCCN)!^,  in  neutral  or  slighdy  acid  solution,  forms  a 
dark-blue  precipitate  of  ferrous  ferricyanide,  ¥e^t^(C^)yp 
known  as  TurnbuU's  blue. 

If  the  solutions  be  very  dilute  there  is  produced  merely  a  deep 
blue-green  coloration.    Alkali  hydrates  decompose  the  precipitate. 

3.  KCNS  produces  no  change  in  color. 

4.  HgS,  in  acid  solution,  does  not  cause  a  precipitate. 

5.  NH4HS,  with  a  neutral  or  alkaline  solution,  forms  a  blade 
precipitate  of  ferrous  sulphide,  FeS,  soluble  in  HCl  or  HNO|. 
NH4CI  promotes  the  formation  of  thk  precipitate. 

6.  KOH  or  NaOH,  or  NH4OH  in  the  absence  of  NH4a,  pro- 
duces a  dirty-green  precipitate  of  ferrous  hydrate,  Fe(OH)r 
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8.  With  borax  in  the  oxidizing  blowpipe  flame  ferrous  and 
ferric  compounds  give  dark  yello^v-colored  beads  while  hot, 
and  paler  yello^v  when  cold.  In  the  reducing  flame  the  beads 
change  to  bottle-green. 

Reactions  of  Soluble  Salts  of  Cerium. 

Use  a  2-per'Cent,  solution  of  cerous  chloride^  Ce^Cl^. 

1.  NH4HS  causes  a  white  precipitate  of  cerous  hydrate, 
Ceg(OH)g,  HgS  being  liberated. 

CeaCle   +   6NH4HS   +    6HaO    =   Cea(OH)e   +   6NH4CI  +  eH^S. 

2.  KOH,  NaOH,  or  NH^OH  produces  the  same  precipitate 
of  Cea(OH)e. 

3.  (NHJaQO^  forms  a  white  precipitate  of  cerous  oxalate. 
Cea(Ca04)8. 

4.  Na^HPO^  precipitates    white    cerous    phosphate,  Ce,- 

CeaCle    +    2NaaHP04    =    CeaCPO^)^    +    4NaCl    +    2HCI. 

Organic  matter  does  not  interfere  with  the  formation  of  this 
precipitate. 

5.  With  a  borax  bead  before  the  blowpipe  the  salts  of  cerium 
behave  like  those  of  iron. 

Reactions  of  Soluble  Salts  of  Aluminum. 
Use  a  2'Per'Cent,  solution  of  potassium  alum,  Al2K,(S04)4-- 

24HaO. 

1.  NH4HS  produces  a  white  gelatinous  precipitate  of  alumi- 
num hydrate,  Al^COH^,  H^S  being  set  free. 

2.  NH4OH  precipitates  Ala(OH)e,  which  is  insoluble  in  excess 
of  the  reagent  (an  important  distinction  from  zinc).  Heat  iacili- 
tates  this  precipitation. 

3.  KOH  or  NaOH  causes  a  precipitate  of  Al^COH).,  which 
dissolves  in  an  excess  to  form  an  aluminate  of  the  base  used, 
as,  for  instance,  Alj(OK)g.  This  is  not  reprecipitated  by  boiling 
(a  distinction  from  zinc  and  chromium)  ;  but,  when  warmed  with 
NH4CI,  decomposition  ensues  with  precipitation  of  Alj(OH)r 

Ala^OKJe    -h    6NH4CI    =    Ala(OH)e    +    6NHs    +    6Ka 

4.  KjCOg  or  Na^COa  produces  AljCOH)^.  insoluble  in  excess, 
CO2  escaping  at  the  same  time. 

The  presence  of  non- volatile  organic  acids  and  sugar  prevents 
the  complete  precipitation  in  the  foregoing  reactions. 
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Reactions  of  Soluble  Salts  of  Chromium. 

Use  a  2-per-cent,  solution  of  chromic  chloride^  CrgCl^. 

1.  NH4HS  produces  a  greenish  precipitate  of  chromic  hy- 
drate, Cr2(0H)e,  H^S  being  set  free. 

2.  NH4OH  forms  the  same  precipitate  of  Cr3(OH)g,  insoluble 
in  excess  of  the  reagent. 

3.  KOH  or  NaOH  causes  the  precipitation  of  Crj(OH)g,  which 
is  soluble  in  an  excess,  but  reprecipitated  on  boiling  (a  distinction 
from  aluminum). 

4.  K3CO3  or  Na^COa  precipitates  green  basic  chromium 
carbonate. 

5.  When  a  salt  of  chromium  is  fused  on  a  platinum  foil  with  a 
mixture  of  i  part  KNO3  and  2  parts  K3CO3,  the  mass  becomes 
yellow  from  the  formation  of  potassium  chromate,  KjCrO^. 

CrgCle  4-  2KNO8  +  4KaC08  ^  iV.jZxO^  +  NjOa  +  6KC1  +  4COa- 

The  presence  of  this  compound  may  be  proved  by  dissolving 
the  cooled  mass  in  water,  and,  after  acidifying  with  acetic  acid,, 
adding  AgNOg  or  Pb(CjH30a)a,  the  former  of  which  precipi- 
tates red  silver  chromate,  AgaCr04,  and  the  latter  yellow  lead 
chromate,  PbCr04,  if  KaCr04  be  present. 

KaCrO^    +    Pb(CaH30a)a    =    PbCrO^    +    2KCaH30a. 

If  sodium  salts  be  substituted,  Naj,Cr04  will  be  obtained. 

6.  With  the  borax  bead  in  the  inner  blowpipe  flame  chro- 
mium compounds  give  a  green  color. 

Chart  for  the  Detection  of  the  Bases  in  a  Solution 

CONTAINING  SOLUBLE   SaLTS   OF   GrOUP   IV. 


Evaporate  a  portion  of  the  original  solution  to  dryness,  mix  the  residue  inti- 
mately with  2  parts  Na^COa  and  i  part  KNO3,  and  fuse  on  platinum  foil. 
Boil  the  cooled  mass  in  a  dish  with  a  bulk  of  water  equal  to  that  of  the  solu- 
tion evaporated,  allow  to  subside,  and  decant  the  liquid  upon  a  filter. 


Precipitate  Fe,  Ce.  |  Filtrate  Al,  Cr. 

Wash  by  decantation,  dissolve  by  heating  ■  Yellow,  if  Cr  be  present, 
in  the  dish  with  «>  drops  HjSOi  and  20'  '~"~  "  "* 

drops  CiHsOH,  dilute  with  water,  filter,  ' 
and  divide  into  two  portions. 


Divide 


into  two  portions. 


Fe. 

Add  K^Fe  CN)6. 

Blue  ppt. 

Test  original  solution 

with  K4Fe.CN;«and 

KeFesiCNh^forFe- 

(ic)  and  Feious). 


Ce. 

Add  HsCflHsO?, 

NH4OH  in 

excess,  and 

Na^HPOi. 

White  ppt. 


Al. 

Add  NH4CI. 
warm,  and 
allow  to  stand. 
White,  gelatin- 
ous ppt. 


Cr. 

Acidifv  with 
HC^HhOi 
and  add 

PbC2H»Oa)T. 

Yellow  ppt. 
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Notes  on  the  Preceding  Chart. 

1.  When  the  first  precipitate  is  dissolved  in  HCl  and  HNOg, 
the  Fe  must  be  completely  oxidized  by  boiling  with  the  HNO3, 
that  the  precipitation  as  Fej(OH)g  by  the  NH^OH  shall  be  com- 
plete. 

2.  When  phosphoric  acid  is  present  the  members  of  Group  II. 
precipitate  with  Group  IV.,  and  require  an  entirely  diflerent 
method  of  separation.  It  is  desirable,  however,  for  the  student 
first  to  familiarize  himself  with  these  simpler  soluble  salts,  and 
undertake  the  more  difficult  cases  of  salts  insoluble  in  water  only 
after  the  acids  have  been  considered.     (See  page  878.) 

Ghx>up  V.    Araenio,  Antimony,  Tin,  Gold,  Platinum. 

Reactions  of  Soluble  Arsenous  Compounds. 

Use  a  i-per-cent,  solution  of  arsenous  oxide,  As^Og. 

1.  HgS  produces  a  yellow  color,  but  no  precipitate,  until  HCl 
is  added,  when  a  yellow  precipitate  of  arsenous  sulphide, 
AS2S3,  falls. 

AsjOa    4-    3HaS    =    AsjSb    +    aHjO. 

This  precipitate  is  insoluble  in  boiling  HCl,  but  soluble  in 
NH^HS,  (NHJaS,  NH^OH,  or  (NH^j^COg,  from  which  it  is 
reprecipitated  by  acidifying  with  HCl. 

2.  NH4HS  causes  the  formation  of  As^Sg,  which  remains  in 
solution  as  ammonium  sulpharsenite,  (NH4)3AsS3. 

AsjOa    4-    6NH4HS    =    2(NH4)aAsS3    +    sHaO. 

On  the  addition  of  HCl,  As^Sg  is  precipitated. 

2(NH4)8AsS8    +    6HC1    =    AsjSa    +    6NH4CI    -f    3HaS. 

3.  AgNOg  produces  no  precipitate  until  a  few  drops  of  dilute 
NH4OH  are  added,  when  a  yellow  precipitate  of  silver  arsen- 
ite,  AggAsOg,  falls. 

AsjOg  4-  6AgN03  -f  6NH4OH  =  2AggAsOg  -f  6NH4NOa  4-  3HaO. 

The  precipitate  is  soluble  in  an  excess  of  NH4OH,  and  in 

HNOg. 

4*  CUSO4,  under  similar  circumstances,  produces  a  yellowish- 
green  precipitate  of  cupric  arsenite,  CuHAsOg. 

AssOs  4-  2CUSO4  4-  4NH4OH  =  2CuHAsOg-r  2(NH4)8S04  +  HaO. 
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Fig.  I 


Reactions  of  Soluble  Arsenic  Compounds. 

Use  a   i-tier-cent.  solution  of  sodium  arsenate,  NajHAsO*-- 
7H,0. 

1.  HgS  causes,  in  acid  solution  only,  a  yellow  precipitate  of 
arscnous  sulphide,  As,S,,  mixed  with  sulphur. 

aNajHAsO,  +  5H,S  +  4HCI  =  As^  +  S,  +  4NaCl  +  8H,CZ> 

This  reaction  takes  place  slowly,  but  is  accelerated  by  heat. 
3.  NH^HS  produces  no  precipitate,  but  forms  arsenic  si-kI 
phide,  As,Sb,  which  remains  in  solution  as  ammonium  sulplra. 
arsenate,  (NH^^AsS,. 

NajHAsO,    -f    5NH4HS    =5    (NH^l^S,    +    Na^    -(- 
sNH,    +    4H,0. 

Upon  the  addition  of  HQ,  ASgS,  is  precipitated,   and  n<:> 
AsgS,  and  S. 

a(NH,)^S4    +    6HCI    =    As^,    +    6NH«C1    +    3H,S 
3.  AgNO,  with  a  small  amount  of  NH^OH  produces  a  chocro- 
late-colored  precipitate  of  silver  ar^^- 
nate,   AggAsO,,   soluble  in   excess     *=*f 
NHjOH  and  in  HNO,. 

4.  CuSO,,  under  similar  circi-»m- 
stances,  forms  a  bluish-green  precipitate 
of  cupric  arsenate,  CuHAsO,, 

The  following  tests  are  appUcable  to 
both  arsenous  and  arsenic  compounds  : 
I,  Marsh's  Test. — Generate  hyciro- 
gen  in  the  usual  way,  allowing  It  to 
escape  through  a  glass  tube  drawn  ouf 
at  the  end  so  as  to  form  a  small  ori^ce 
(Fig.  no). 

In  very  exact  cases,  the  gas  should 
be  dried  by  passing  over  anhydrous 
calcium  chloride.  When  all  the  air  has 
been  expelled  (which  should  be  deter- 
mined by  collecting  a  small  test-tube  M 
Maiah'itMt,  and  holding  its  mouth  to  a  flame;  ifthf 

gas  bum  quietly,  without  explosion,  h 
is  pure),  ignite  the  escaping  gas.      It  should  burnwitha 
less  or  yellow  flame,— in  the  latter  case  the  color  is  due  1 
sodium  in  the  glass.     To  make  sure  that  the  zinc  and  s 
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gently,  when  a  white  ring  of  arsenous  oxide,  AsjOg,  will  form 
on  the  tube  above  the  copper,  and  is  readily  distinguished  by  the 
characteristic  octohedral  shape  of  the  crystals  composing  it. 

CUflAsg    -f    40a  (from  the  air)    =    AsjOg    -|-    sCuO. 

The  CuO  is  not  volatile, 

4.  Fleitmann's  Test. — Generate  hydrogen  in  a  test-tube  from 
zinc  and  solution  of  potassium  hydrate  ;  moisten  a  piece  of  filter 
paper  with  one  drop  of  solution  of  silver  nitrate,  place  it  over  the 
mouth  of  the  tube  and  heat  the  mixture, — there  should  be  no 
coloration  of  the  moistened  spot  on  the  paper  if  the  reagents  are 
free  from  arsenic.  Now  add  some  soluble  compound  of  arsenic, 
and  the  silver  nitrate  will  hnmediately  become  black,  owing  to 
the  liberation  of  metallic  silver,  Ag. 

HsAs    -f    6AgN03    -f    3HsO    =    3(Aga)    -}-    HaAsOg   +    6HNO3. 

Gatehouse's  modification  of  this  test  consists  in  employing 
aluminum  wire  cut  into  small  pieces  instead  of  zinc.  The  method 
of  application  and  results  are  the  same. 

5.  Bettendorff 's  Test. — To  some  boiling  hydrochloric  acid 
add  granulated  tin  or  tin-foil  until  no  more  is  dissolved.  Pour 
off  the  liquid  and  mix  it  with  an  equal  volume  of  hydrochloric 
acid.  Boil  again  ;  if  no  coloration  or  precipitate  forms  the  ma- 
terials are  free  from  arsenic.  Should  this  be  the  case,  add  a  rela- 
tively small  quantity  of  a  solution  containing  a  compound  of 
arsenic  and  continue  to  heat.  A  brown  color  or  precipitate  of 
metallic  arsenic,  As,  with  a  small  amount  of  tin  results. 

AsgOg    -h    6HC1    -h    aSnCla    =    As,    -f    aSnCl^    +    aHaO. 

6.  Before  the  blowpipe,  on  charcoal,  arsenic  is  volatilized, 
with  the  characteristic  odor  of  garlic. 

Reactions  of  Soluble  Antimony  Compounds. 

Use  a  i-per-cent.  solution  of  tartar  emetic^  2K(SbO)C4H^Oj.- 
H,0. 

1.  HjS  forms,  in  solutions  acidified  with  HCl,  an  orange-col- 
ored precipitate  of  antimonous  sulphide,  SbjjSg,  soluble  in 
NH.HS,  (NH^^jS,  or  boiling  HCl,  but  insoluble  in  (NH^),CO,. 

2.  NH4HS  produces  a  precipitate  of  Sb^Sg,  readily  soluble  in 
excess  with  the  formation  of  ammoniuin  sulphantimonite, 
(NH^^gSbSg,  from  which  HCl  again  precipitates  Sb^Sg. 

3.  KOH  or  NaOH  precipitates  white  antimonous  hydrate, 
Sb(OH)3,  soluble  in  an  excess  of  the  reagent. 
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4.  NH4OH  precipitates  Sb^0H)3,  insoluble  in  an  excess  of  the 
reagent. 

5.  Marsh's  Test,  applied  as  with  arsenic,  gives  a  sooty- black 
spot  of  metallic  antimony,  Sb,  which  is  insoluble  in  NaOCl  or 
Ca(OCl)a,  but  soluble  in  NH^HS. 

6.  Gutzeit's  Test  gives  at  once  a  black  or  brown  stain  of  sil- 
ver antimonide,  AggSb. 

3AgN08    -f     HgSb    =    AgaSb    +    sHNOs- 

7.  Reinsch's  Test  causes  a  deposit  of  Sb  on  the  copper,  as  with 
arsenic,  but  when  heated  in  a  tube  there  is  formed  a  white,  amor- 
phous ring  of  antimonous  oxide,  Sb^Og,  which  is  readily  dis- 
tinguished from  the  crystalline  one  obtained  in  the  reaction  of 
arsenic. 

8.  Fleitmann's  Test  gives  no  result  with  antimony  compounds, 
because  hydrogen  antimonide,  HgSb,  is  decomposed  by  alkali 
hydrates. 

9.  BettendorfT's  Test  shows  no  reaction  with  antimony,  as 
SnClj  does  not  precipitate  Sb. 

ID.  Zn  and  Pt  (foil),  when  warmed  with  a  solution  of  an  anti- 
mony compound  acidified  with  HCl,  cause  a  deposition  of  finely- 
divided,  black  metallic  Sb  upon  the  Pt,  HgSb  being  at  the  same 
time  evolved. 

aSbClg    -f    6Ha    =    Sba    +    9HCI    +    HgSb. 

If  the  foil  be  warmed  in  a  dish  with  a  few  drops  of  dilute 
HNO3,  the  black  Sb  will  be  converted  into  white  SbjOg,  soluble 
in  HaQH^Oe. 

Sbj    -f    2HNOs    =    SbjOs    +    HjO    +    NaOj. 

II.  On  charcoal,  with  Na^COg,  before  the  blowpipe,  antimony 
compounds  yield  a  metallic  globule  of  Sb,  while  characteristic 
fumes  of  white  Sb^Oj  are  given  off. 

Reactions  of  Tin  as  Soluble  Stannous  Salts. 

Use  a  2-per'CenL  solution  of  stannous  chloride^  SnCla.2HgO. 

1.  HjS  precipitates  dark-brown  stannous  sulphide,  SnS, 
soluble  in  boiling  HCl  or  in  (NH4)2S,  but  insoluble  in  NH4HS. 

2.  KOH  or  NaOH  precipitates  white  stannous  hydrate, 
Sn(OH)j,  soluble  in  an  excess  of  the  reagent.  On  boiling  this 
solution  stannous  oxide,  SnO,  is  precipitated. 

Sn(OK)a    +     HjO    =    SnO    -f-     2KOH. 
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3.  NH4OH  precipitates  Sn(OH)„  insoluble  in  an  excess  of  th< 
reagent. 

4.  HgClg  causes  a  white  precipitate  of  mercurous  chloride 
HggCla,  the  SnClg  being  converted  into  SnCl^. 

SnCla    +    2HgCla    ^    HgaCl,    +    SnCl^. 

This  precipitate  is  blackened  by  the  addition  of  NH^OH. 

Reactions  of  Tin  as  Soluble  Stannic  Salts. 

Use  a  2'per-cent.  solution  of  stannic  chloride ^  SnCl^.sHjO. 

1.  HjS  produces  a  yellow  precipitate  of  stannic  sulphide 
SnSjj,  soluble  in  boiling  HCl,  NH^HS,  or  (NH^^S. 

2.  KOH  or  NaOH  precipitates  white  stannic  acid,  HgSnO, 

SnCU    +    4KOH    =    HaSnOa    +    4KCI    -f     HaO. 

The  precipitate  is  soluble  in  an  excess  of  the  reagent ;  on  boil 
ing,  no  precipitation  takes  place  (distinction  from  stannous  salts) 

HaSnOa    +     2KOH    =    KaSnOg    +     2HaO. 

3.  NH4OH  produces  a  precipitate  of  HaSnOg,  insoluble  in  a: 
excess  of  the  reagent. 

4.  Heated  on  charcoal,  before  the  blowpipe,  with  NajCOa  an< 
KCN,  metallic  tin,  Sn,  is  formed  from  both  Sn(ous)  and  Sn^ic 
compounds,  with  the  production  of  a  white  incrustation  of  Stan 
nic  oxide,  SnOg. 

5.  Zn  and  Pt  (foil),  warmed  with  a  solution  of  a  salt  of  tii 
acidified  with  HCl,  effects  the  separation  of  the  Sn  as  a  soft 
metallic  sediment,  soluble  in  hot  HQ. 

2SnCla    -f    2Ha    =    Sna    +    4HCI. 

Reactions  of  Soluble  Salts  of  Gold. 

Use  a  o.^'Per-cent.  solution  of  auric  chloride^  AuCl^ 

1.  HgS  precipitates  black  auric  sulphide,  AugS,,  insoluble  ir 
boiling  HCl,  NH^HS,  or  (NH^)aC03,  but  soluble  in  (NHJaS  01 
a  mixture  of  HCl  and  HNO3. 

2.  H2C2O4  or  FeSO^  precipitates  metallic  gold,  Au,  as  a 
finely-divided  brown  powder. 

2AUCI3  -f    3H2C2O4    =    Aua    -f    6HC1    4-    600,. 
2AUCI3    -h    6FeS04    -f    3H2SO4   =    Aua    -f    3^6.3804    -f    6HCL 

3.  SnClg  mixed  with  SnCl4  and  FeClj  (prepared  by  adding 
FegClg  ti)  SnClj)  produces  a  purple-red  precipitate  or  coloration 


THE  REACTIONS  AND  DETECTION  OF  BASES. 


847 


(Purple  of  Cassius),  consisting  of  the  mixed  oxides  of  gold 
and  tin. 

4.  Heated  on  charcoal,  before  the  blowpipe,  salts  of  gold  yield 
metallic  Au. 

Reactions  of  Soluble  Salts  of  Platinum. 

Use  a  2'Per'Cent,  solution  of  platinic  chloride^  PtCl4.5HaO.* 

1.  HjS  causes  a  brown  precipitate  of  platinic  sulphide,  PtSj, 
insoluble  in  boiling  HCl,  NH^HS,  or  (^Yi^^jZO^,  but  soluble  in 
(NH4)aS  or  a  mixture  of  HCl  and  HNO3. 

2.  KCl  produces  a  yellow,  cr>'stalline  precipitate  of  potassium 
platinic  chloride,  K^PtCle.  The  presence  of  alcohol  facilitates 
the  precipitation  in  this  and  the  next  test. 

3.  NH4CI  forms  a  similar  precipitate  of  ammonium  platinic 
chloride,  (NH4)aPtCle. 

4.  Fe  or  Zn  precipitates  finely-divided  black  metallic  plati- 
num, Pt. 

5.  Heated  on  charcoal,  before  the  blowpipe,  compounds  of 
platinum  yield  metallic  Pt. 

Chart  for  the  Detection  of  the  Bases  in  a  Solution 

CONTAINING  SOLUBLE   SaLTS  OF  GrOUP   V. 


Acidify  the  original  solution  with  HCl,  warm,  and  add  H2S.  Filter  (disregard 
the  filtrate  after  making  sure  that  the  precipitation  has  been  complete), 
transfer  the  precipitate  to  a  dish,  boil  with  strong  HCl,  and  filter. 


Precipitate  As,  Au,  Pt. 

If  yellow,  As  only  is  present ;  if  dark, 
wash,  digest  with  (NH4)2C03,  and  filter. 


Precipitate  Au,  Pt. 

Dissolve  in  2  parts  HCl  and  i 
part  HNO3.  Divide  into  two 
portions. 


Au. 

Apply  Purple 

of  Cassius 
test  to  this  and 
also  to  origi- 
nal solution. 

Pt. 

Add  KCl. 

Yellow  ppt. 

Confirm  by 

testing 

original 

solution. 

Filt.  As. 

Acidify 

with  HCl. 

Yellow 

ppt. 


Filtrate  Sb,  Sn. 

Dilute  with  HiO,  boil  in  a  dish  with 
a  piece  of  platinum  foil  and  a 
small  fragment  of  zinc,  so  the 
metals  touch.  The  platinum  will 
be  coated  with  black,  metallic  Sb, 
while  the  Sn  will  be  deposited  as 
a  metallic  sediment.  This  sedi- 
ment is  dissolved  in  HCl  and 
tested  with  HgCli.  which  i)n>- 
duces  a  white  precipitate  if  Sn 
be  present.  VV'arm  tlie  foil  with 
a  few  drops  of  HXOt  in  a  dish 
until  the  black  color  disappears, 
rinse  with  solution  of  HjCiHiOa, 
I)our  into  a  test-tube  and  add 
HiS ;  orange-colored  precipitate 
if  Sb  be  present. 


Or  chloroplatinic  acid,  H1.PtCU.6H2O. 
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Notes  on  the  Preceding  Chart. 

1.  In  the  application  of  H,S  the  solution  to  be  tested  should 
always  be  well  warmed  and  very  thoroughly  saturated  with  the 
reagent,  otherwise  the  precipitation  of  As,  when  present  in  the 
arsenic  state,  will  not  be  complete. 

2.  To  transfer  a  precipitate  to  a  dish  use  is  made  of  the  wash- 
bottle,  the  jet  from  which  is  directed  against  the  moist  precipi- 
tate on  the  unfolded  filter  in  such  a  way  that  the  least  possible 
quantity  of  water  may  be  used.  After  settling,  the  greater  part 
of  the  water  should  be  decanted  from  the  precipitate,  whidi 
should  then  be  treated  with  the  next  reagent. 

3.  If  stannic  salts  are  known  to  be  absent,  and  the  precipitate 
produced  by  H^S  is  yellow.  As  only  is  present ;  if  orange-col- 
ored, Sb  is  present,  and  As  may  be.  Under  such  circumstances, 
the  readiest  method  of  separation  is  to  wash  the  precipitate  and 
then  treat  it  with  (NH4)gC08 ;  As  will  be  dissolved,  and  may  be 
detected  in  the  filtrate  by  acidifying  with  HCl,  while  Sb  remains 
on  the  filter. 
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Qroop  VL    lCeroiiry(io),  Biamuth,  Ck>pper,  Oadminio. 
Reactions  of  Soluble  Mercuric  Salts. 

Use  a  2'Per'cent,  solution  of  mercuric  chloride^  HgCl^. 

1.  H^  or  NH^HS  produces,  when  in  small  proportion,  a 
whitish  precipitate  of  ( HgS^HgCl^ ;  a  further  addition  of  the 
reagent,  together  with  the  application  of  heat,  causes  the  forma- 
tion of  a  black  precipitate  of  mercuric  sulphide,  HgS,  insol- 
uble in  either  HCl  or  HNOg,  but  soluble  in  a  mixture  of  the  two. 
It  is  insoluble  also  in  NH^HS  or  (NH4)gS. 

2.  KOH  or  NaOH  produces  a  yellow  precipitate  of  mercuric 
oxide,  HgO. 

HgCls    -    2KOH    =    HgO    -h    2KCI    -h    HgO. 

Unless  the  reagent  be  in  excess  a  brown  precipitate  of  a  basic 
salt  is  formed. 

3.  NH4OH  precipitates  white  mercuric  ammonium  chlo- 
ride, xNHgHgCl. 

HgClg    -f    2NH4OH    =    NHgHgCl    +    NH4CI    4-    2HaO. 

This  precipitate  is  readily  soluble  in  HQ  or  HC^HgOg. 

4.  KgCrO^  produces  a  red  precipitate  of  mercuric  chromate, 
HgCrO^. 

5.  KI  precipitates  mercuric  iodide,  Hgl,,  at  first  yellow,  but 
rapidly  becoming  scarlet. 

HgCl,    -f    2KI    =    Hgl.    -f    2KCL 

This  precipitate  is  readily  soluble  in  excess  of  KI  or  HgQ,. 

6.  SnClg,  in  small  quantity,  in  the  presence  of  HQ,  precipi- 
tates white  mercurous  chloride,  HggClg.  On  the  addition 
of  a  larger  quantity  of  the  reagent,  Hg^Clg  is  reduced  to  gray 
metiillic  mercury,  Hg,  which  may  be  collected  into  a  globule. 

HgaCla    4-    SnCl,    =    Hg.    +    SnCU- 

7.  NagCOg  produces  a  reddish-brown  precipitate  of  basic 
mercuric  carbonate,  HgC03(HgO)3. 

8.  Copper  turnings  boiled  with  the  solution,  acidified  with 
HCl,  become  quickly  coated  with  metallic  mercury,  Hg. 

2W^Q\    -h    Cug    =    Hg,    4-    2CuClj|. 

The  presence  of  HNO3  n^ust  be  avoided  or  the  copper  will  be 
dissoh  ed  ;  when  j)resent  in  the  material  to  be  tested,  it  should  be 
expelled  by  evaporating  the  solution  with  HCl  to  dryness.    K" 
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the  coated  turnings  are  carefully  dried  at  a  low  temperature, 
placed  in  the  bottom  of  a  dry,  narrow  test-tube  and  heated,  a 
ring  composed  of  minute  globules  of  Hg  will  form  on  the  cool 
part  of  the  tube.  These  globules  may  be  formed  into  larger 
ones  by  pressing  them  together  with  a  glass  rod,  until  they  may 
be  seen  with  the  naked  eye. 

9.  Before  the  blowpipe,  HgO  breaks  up  into  Hg  and  O.  HgS, 
under  similar  circumstances,  sublimes  unchanged. 

Reactions  of  Soluble  Salts  of  Bismuth. 

Use  a  2-per-ce9it,  solution  of  bismuth  Jiitrate,  Bi(N03)3.5H20. 

1.  HgS  or  NH4HS  produces  a  black  precipitate  of  bismuth 
trisulphide,  Bi^Sg,  insoluble  in  NH^HS  or  (NH4)aS,  but  sol- 
uble in  boiling  HNO3. 

2.  KOH,  NaOH,  or  NH4OH  forms  a  white  precipitate  of 
bismuth  hydrate,  Bi(0H)3,  converted,  through  loss  of  H^O 
by  boiling,  into  yellow  bismuth  oxide,  BiaOg. 

2Bi(OH)a    =    BiaOa    +    3H2O. 

Both  compounds  dissolve  in  HCl  to  form  bismuth  chloride, 
BiClg. 

3.  KgCrO^  precipitates  yellow  bismuth  chromate,  Bij- 
(CrOJg. 

4.  KI  forms  a  brown  precipitate  of  bismuth  iodide,  Bil3, 
soluble  in  excess  of  the  reagent. 

5.  H3O  in  considerable  quantity,  when  there  is  not  an  excess 
of  free  acid,  precipitates  white  bismuth  subnitrate,  BiONOg.- 
HjO. 

Bi(N03)8    4-     2HaO    =    BiON03.H20    +     2HNOa. 

When  bismuth  chloride  is  so  diluted,  white  bismuth  oxy- 
chloride,  BiOCl,  is  produced. 

6.  NaaCOj  precipitates  white  bismuth  subcarbonate,  (BiO)a- 
CO3.  HaO. 

2Bi(N03)3  -f  sNaaCOg  +  HaO  =  (BiO)aC03.H20  f  eNaNOg  -f  2COa. 

7.  Bismuth  salts  on  charcoal,  before  the  blowpipe,  yield  a  hard 
bead  of  bismuth,  Bi,  and  a  characteristic  incrustation  of  bis- 
muth oxide,  BijOg,  deep  orange-yellow  while  hot,  but  pale 
yellow  when  cold. 
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Reactions  of  Soluble  Salts  of  Copper. 

Use  a  2'per-cent.  solution  of  cupric  sulphate,  CuS04.5HgO. 

1.  HjS  or  NH4HS  precipitates  black  cupric  sulphide,  CuS, 
slightly  soluble  in  (NH4)gS  and  NH^HS,  but  readily  dissolved  by 
KCN  or  boiling  HNOs- 

2.  KOH  or  NaOH  produces  a  light-blue  precipitate  of  cupric 
hydrate,  Cu(OH)2,  insoluble  in  excess  of  the  reagent. 

In  the  presence  of  non- volatile  organic  acids  this  precipitation 
does  not  take  place,  but  a  blue  color  results. 

Boiling  converts  the  Cu(OH)g,  through  loss  of  H^O,  into 
black  cupric  oxyhydrate,  (CuO)aCu(OH)a. 

3Cu(OH)a    =    (CuO)8Cu(OH)a    -f    2HaO. 

3.  NH4OH  in  small  quantity  forms  a  greenish-purple  pre- 
cipitate, readily  soluble  in  an  excess  of  the  reagent,  formings 
tetra-ammonio-cupric  sulphate,  (NH3)4CuS04.HaO,  which 
imparts  to  the  solution  an  azure-blue  color. 

CUSO4    +    4NH4OH    =    (NH8)4CuS04.HaO    +    3H,0. 

4.  K4Fe(CN)j  precipitates  reddish-brown  cupric  ferroc)^* 
anide,  CuaFe(CN)e. 

5.  Metallic  Fe  or  Zn  precipitates  red  metallic  copper,  Cu, 
which  collects  on  the  Fe  or  Zn. 

6.  In  the  outer  blowpipe  flame  copper  salts  color  the  borax 
bead  green  while  hot,  and  blue  when  cold.  In  the  inner  flame, 
after  moistening  with  SnQ,,  the  bead  becomes  red,  owing  to  the 
formation  of  cuprous  oxide,  Cu^O. 

Reactions  of  Soluble  Salts  of  Cadmium. 

Use  a  2'per-cent,  solution  of  cadmium  nitrate,  Cd(NO,)g.4H,0. 

1.  HjjS  or  NH4HS  precipitates  yellow  cadmium  sulphide, 
CdS,  insoluble  in  (NH4)aS,  NH4HS,  or  KCN,  but  soluble  in 
hot  HNO3  or  dilute  HaS04. 

2.  KOH  or  NaOH  produces  a  white  precipitate  of  cadmium 
hydrate,  Cd(OH)a,  insoluble  in  excess  of  the  reagent. 

3.  NH4OH  causes  the  precipitation  of  Cd(OH)a,  which  dis- 
solves in  an  excess  of  the  reagent. 

4.  Na^COg  produces  a  white  precipitate  of  cadmium  oxy- 
carbonate,  insoluble  in  excess,  but  slighdy  soluble  in  ammonium 
salts,  and  readily  soluble  in  NH4OH. 

5.  On  charcoal,  before  the  blowpipe,  the  salts  of  cadmium  are 
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reduced  to  cadmium,  Cd,  and  volatilize,  fomiing  a  brownish 
incrustation  of  cadmium  oxide,  CdO. 

Chart  for  the  Detection  of  the  Bases  in  a  Solution 

CONTAINING  SOLUBLE  SALTS  OF  GrOUP  VI. 


Warm  the  original  solution  and  completely  precipitate  it  with  HsS,  filter  (dis< 
regard  the  nitrate),  wash  the  ppt.,  transfer  it  to  a  dish,  boil  with  HNOs  (sp. 
gr.  1.20),  and  filter. 


Ppt.  Hg(ic). 
Black. 


Filtrate  Bi,  Cu,  Cd. 
Add  NH4OH  in  excess  and  filter. 


Filtrate  Cu,  Cd. 

Blue,  if  Cu  be  present.  Add  H2S.  If  the  ppt.  be 
yellow,  Cd  only  is  present ;  if  dark,  filter  (dis- 
regard the  filtrate),  wash  the  Ppt.,  transfer  it 
to  a  dish,  boil  with  i  part  HsSOi  and  10  parts 
H2O,  and  filter. 


Ppt.  Cu. 
Black. 


Filtrate  Cd. 

Dilute  with  H«0  and  add  HiS. 
Yellow  ppt. 


Notes  on  the  Preceding  Chart. 

1.  Unless  excess  of  H^S  be  used,  and  the  solution  warmed, 
Hg  will  not  be  thoroughly  precipitated. 

2.  The  precipitate  of  HgS  left  undissolved  upon  boiling  with 
HNO3  is  heavy,  sinks  to  the  bottom  of  the  dish,  and  should 
be  black.  Upon  long  boiling,  however,  it  gradually  becomes 
yellow.  Sulphur  from  the  sulphides  of  the  bases  dissolved  by 
the  HNO3  may  be  either  yellow  or  black,  but  is  readily  distin- 
guished from  HgS,  because  it  floats  on  the  liquid.  To  confirm 
the  presence  of  Hg,  dissolve  the  precipitate  in  a  mixture  of  2 
parts  HCl  and  i  part  HNO3,  evaporate  carefully  to  dryness,  add 
H3O,  2  or  3  drops  of  HCl,  and  copper  turnings,  which,  if  Hg  is 
present,  become  coated  with  globules  of  that  metal. 

3.  To  confirm  the  presence  of  Bi,  wash  the  precipitate  pro- 
duced by  NH4OH,  treat  it  with  i  or  2  drops  of  HQ,  and,  if 
necessary,  after  standing,  a  few  drops  of  water  to  displace  the 
liquid  from  the  filter,  and  allow  the  solution  thus  formed  to  run 
into  a  test-tube  of  water.  If  Bi  is  present  a  white  turbidity, 
due  to  BiOQy  will  result 
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Notes  on  the  Preceding  Chart. 

1.  To  digest  the  sulphides  of  Groups  V.  and  VI.  with  (NH^),S, 
it  is  best  to  wash  the  precipitate  into  a  dish,  and,  after  decanting 
the  excess  of  water  and  adding  the  (NH^)aS,  to  warm  but 
slightly. 

When  Sn,  Au,  and  Pt  are  to  be  detected,  the  yellow  ammo- 
nium sulphide,  (NH^)gS,  must  be  used  to  insure  solution  of  the 
sulphides  of  these  bases ;  but  when  As  and  Sb  are  the  only 
metals  of  this  group  to  be  sought,  NH^HS  may  be  used  with 
equally  good  results. 

2.  When  Cu  is  present,  some  of  its  sulphide  may  be  dissolved 
in  the  process  of  digesting,  so  that  any  dark  precipitate  obtained 
upon  acidifying  the  (NH^)aS  or  NH^HS  with  HCl  should  be 
tested  for  Cu. 

Group  Vn.    Silver,  MercTiry(ous),  Lead. 
Reactions  of  Soluble  Salts  of  Silver. 

Use  a  i-per-cent.  solution  of  silver  nitrate,  AgNOg. 

1.  HCl  or  a  soluble  chloride  precipitates  white,  curdy  silver 
chloride,  AgCl. 

AgNOa    +    HCl    =    AgCl    +    HNOs- 

This  precipitate  is  insoluble  in  HNO3,  but  soluble  in  NH^OH, 
forming  ammonio-silver  chloride,  (AgCl)a(NHg)g. 

aAgCl    +    3NH^OH    =    (AgCl)a(NH8)8    +    3HaO. 

From  this  solution  AgCl  is  again  precipitated  by  acidifying 
with  HNO3. 

(AgCl)a(NH3)8    +    3HNO8    =    2AgCl     4-    3NH4NO8. 

2.  H^S  or  NH4HS  produces  a  black  precipitate  of  silver 
sulphide,  Ag^S,  soluble  in  boiling  HNO3. 

3.  KOH  or  NaOH  forms  a  grayish-brown  precipitate  of 
silver  oxide,  Ag^O,  insoluble  in  excess  of  the  reagent. 

4.  NH4OH  in  small  quantity  precipitates  AgjO,  soluble  in 
excess  of  the  reagent. 

5.  KaCr04  produces  a  red  precipitate  of  silver  chromatc, 
AgaCrO^,  soluble  in  HNO3  or  NH^OH. 

6.  KI  and  KBr  cause  respectively  precipitates  of  yellow  silver 
iodide^  Agl,  insoluble  in  HNO3  or  NH4OH,  and   yellowish^ 
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white  silver  bromide,  AgBr,  insoluble  in  HNO„   ' 
soluble  in  NH^OH. 

7.  KCN  precipitates  white  silver  cyanide,  AgCN,  SI 
excess  of  the  reagent, 

8,  Heated  with  NagCOg  on  charcoal,  before  the  blowH 
pounds  of  silver  yield  a  bright  metallic  button  of  ails 
soluble  in  HNO,.  | 

Reactions  of  Soluble  Mercurous  Salts,] 

Use  a  t-per-cent.  solution  0/  niercurous  nitrate,  HgJ 

2HjO.  j 

I.  HCl  or  a  soluble  chloride  precipitates  white  m<M 

chloride,  HgjClj,  convened  by  strong  HNOg  into  a  mi 

mercuric  chloride,  HgCI,,  and  mercuric  nitrate,  Hj 

It  also   becomes  black  on    the  addition  of  NH.OH,  d 

formution  of  mercurous  ammonium  chloride,  NH,^ 

HggCIa    +     iNH,OH    =    NHaHfijCI    +    iH»0    +    d 

3.  HjS  or  NHjHS  precipitates  a  black  mixture  of  ~" 

Hg,  and  mercuric  sulphide,  HgS. 

HKs(NOa),    +     H^S    =    Hg    +    HgS    +    aHt 

3.  KOH  or  NaOH  produces  a  bbck  precipitate  of  mq 
oxide,  HgjO,  insoluble  in  excess  of  the  reagent.  I 

4.  NH^OH  causes  a  black  precipitate  of  mercuroasj 
nium  nitrate,  NHgHg^NOg.  i 

5.  KjCrO,  forms  an  orange -colored  precipitate  of  mc4 
chromatc,  HggCrOi-  i 

e.  Kl  precipitates  green  mercurous  iodide,  Hg,l,.  | 
7.  Before  the  blowpipe  mercurous  salts  volatilize,  sofl 

converted  into  a  mercuric  salt  and  mercury,  both  of  wK 

lime. 

Reactions  of  Soluble  Salts  of  Lead.  I 
Use  a  I -per  cent,  solution  of  had  acetate,  Pb(C,HaO,S 

1.  HCl  or  a  soluble  chloride  produces  a  white,  cryst^ 
cipitate  of  lead  chloride,  PbClg.  which  is  quite  freely  % 
hot  water,  and  sparingly  in  cold. 

2.  H,S  or  NH,HS  precipitates  black  lead  sulphi^ 
insoluble  in  (NH,),S  or  NH^HS,  but  soluble  in  hot  HN 

3.  KOH  or  NaOH  produces  a  white  precipitate  of  1| 
drate,  Pb{OH)j.  soluble  in  large  excess  of  reagentl 
potassium  or  sodium  plumbate,  Pb(OK)g  or  Pb(ON 
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4.  NH4OH  precipitates  white  basic  lead  hydrate,  insoluble 
in  excess  of  the  reagent. 

5.  KjCrO^  produces  a  yellow  precipitate  of  lead  chromate, 
PbCr04»  known  as  chrome -yellow.     It  is  soluble  in  KOH  or 

HNOg. 

6.  KI  forms  a  yellow  precipitate  of  lead  iodide,  Pbl^,  soluble 
in  boiling  water. 

7.  HaS04  produces  a  white  precipitate  of  lead  sulphate, 
PbS04,  insoluble  in  acids,  except  when  concentrated  and  hot, 
but  soluble  in  NH^C^Ufi^  or  (NHJaC^H^Oe- 

8.  Na^COg  precipitates  white  basic  lead  carbonate,  (Pb- 
COa^aPbOH),. 

9.  Before  the  blowpipe,  on  charcoal,  lead  compounds  yield  a 
malleable  globule  of  lead,  Pb,  with  the  formation  of  an  incrusta- 
tion of  yellow  lead  oxide,  PbO. 

Chart  for  the  Detection  of  the  Bases  in  a  Solution 

CONTAINING  SOLUBLE  SaLTS  OF   GrOUP   VII. 


Completely  precipitate  the  original  solution  with  dilute  HCl,  filter  (disregard 
the  filtrate),  wash  the  ppt.  with  a  small  quantity  of  cold  H2O  (disregard  the 
washings  also),  then  pour  on  the  filter  boiling  H2O. 


Precipitate  Ag,  Hgfous). 
Pour  on  the  filter  NH4OH. 


Ppt.  Hg(OU8). 
Black. 


Pilt.  Ag. 

Acidify  with 

HNOs. 

White,  curdy  ppt. 


Piltrate  Pb. 

Add  dilute   H2SO4   and  allow   to 
cool.    White  ppt. 


Notes  on  the  Following  Chart. 

I.  Before  commencing  the  analysis  of  a  solution,  its  action  on 
litmus  paper  must  always  be  noted.  If  alkaline  a  precipitate 
may  be  caused  by  HCI,  on  account  of  the  presence  of  sulwUinces 
held  in  solution  by  alkalies,  as,  for  instance,  As^Sg  in  (NH^)^- 
COg,  or  AgCl  in  NH4OH.  Silicic  acid  from  alkali  silicates  may 
likewise  be  precipitated  ;  when  the  latter  are  j^rcs^mt  it  is  neces- 
sary to  precede  the  addition  of  HCI  by  evapr^ralirjn  to  dryness 
with  HNOg,  adding  water,  filtering  r;ut  the  ins^>luble  silica,  and 
proceeding  with  the  filtrate  in  the  manner  descrifK-d  fx--low,  com- 
mencing with  the  addition  of  HCI. 
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3.  Besides  causing  the  precipitation  of  such  substances 
mentioned  above,  HQ  more  frequently  throws  down  basic  sa] 
of  Bi  and  Sb  ;  these  are,  however,  readily  distinguished  from  tl 
b.ises  of  Group  VII.  by  dissolving  on  the  further  addition  i 
HCl.  Aside  from  this  contingency,  the  original  solution  may  I 
turbid  from  the  presence  of  a  precipitate  of  the  bases  of  Groi 
VII.,  of  the  basic  salts  cited,  or  of  some  compound  decomposab 
by  HCl. 

That  no  interference  or  misjudgment  may  arise  from  sui 
sources  as  just  named,  it  will  be  found  best  before  undertakii 
the  precipitation  of  the  bases  of  Group  VII.  to  make  a  prelim 
nary  test  for  their  presence  by  adding  to  a  small  quantity  of  tl 
original  solution  an  equal  volume  of  dilute  HCl.  If  no  precip 
tate  is  produced  by  this  reagent,  or  if  at  first  formed  it  is  redi 
solved,  or  if  originally  present  it  is  dissolved,  the  absence  of  th 
bases  of  Group  VII.  is  indicated  ;  in  which  case,  after  the  add 
tion  of  a  few  drops  of  HO  to  a  larger  portion  of  the  origin: 
solution,  the  detection  of  the  bases  of  the  first  six  groups  can  b 
at  once  proceeded  with  according  to  the  following  chart. 

But,  on  the  contrary,  if  a  permanent  precipitate  is  produce 
by  the  equal  volume  of  dilute  HCl,  or,  if  originally  present,  n 
mains  undissolved,  one  or  more  bases  of  Group  VII.  are  show 
to  be  present ;  in  which  instance  the  analysis  is  begun  by  remoi 
ing  these  from  a  larger  portion  of  the  original  solution  accordin 
to  the  following  chart. 

3.  On  account  of  the  slight  solubility  of  PbCI,  in  water,  P 
may  be  found  both  in  Groups  VII.  and  VI,  ;  to  reduce  ih 
amount  held  in  solution  to  a  minimum  the  precipitation  by  HC 
should  be  performed  in  the  cold. 

4.  When  the  presence  of  HNO,  is  suspected,  the  filtrate,  afte 
the  precipitation  of  Group  VII.  and  before  the  addition  of  H,S 
should  be  evaporated  to  dryness  to  expel  the  HNO^  After  thi 
re<iiduc  has  been  dissolved  in  the  original  bulk  of  water  and  acidi 
tied  with  a  few  drops  of  HCl,  the  H^  may  be  added  and  tfa< 
analysis  continued  according  to  the  following  chart . 
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CHAPTER  11. 

THE  REACTIONS  AND  DETECTION  OP  ACIDS. 

Chxmp  L    Hydrochloric  Add,  Hydrotaromic  Acid,  Hydriodio 
Acid,  Hydrofluoric  Add,  Hydrocjranic  Add. 

Reactions  of  Soluble  Salts  of  Hydrochloric  Acid. 

Use  a  i-per-cent,  solution  of  potassium  chloride,  KCl. 

I.  AgNOg  produces  a  white,  curdy  precipitate  of  silver  chlo- 
ride, AgCl,  insoluble  in  HNO^  but  readily  soluble  in  NH^OH. 
See  reaction  No.  i  under  silver. 

This  precipitate  should  be  preserved  to  compare  with  the  cor- 
responding ones  obtained  in  the  reactions  of  hydrobromic,  hydri- 
odic,  and  hydrocyanic  acids. 

^*  HgjCNOj),  causes  a  white  precipitate  of  mercurous  chlo 
ride,  Hg^Cl,,  insoluble  in  HNO^  and  blackened  by  the  additio 
of  NH^OH. 

3.  Pb(CaH30g)g  forms  a  white,  crystalline  precipitate  of 
chloride,  PbCl,,  soluble  in  excess  of  water. 

4.  HgSO^,  warmed  with  the  solution,  liberates  hydrochlorL 
acid,  HCl. 

2KCI    -f    H,S04    =    2HCI    -f    KjSO^. 

This  compound  may  be  recognized  by  its  odor  and  thestrongJv 
acid  reaction   of  its  vapor,  also  by  the  dense,  white  fumes  of 
NH4CI  produced  by  holding  a  glass  rod  moistened  with  NH^O// 
near  the  mouth  of  the  test-tube. 

5.  H3SO4  and  MnOj,  added  to  the  solution  and  the  mixture 
warmed,  cause  the  evolution  of  chlorine,  CI,  identified  by  its 
odor  and  color. 

2KCI  +  2HaS04  -h  MnOa  =  CI,  -f  KjiSO^  -f  MnSO^  -f  2H,0. 

Reactions  of  Soluble  Salts  of  Hydrobromic  Acid. 

Use  a  I -per -cent,  solution  of  potassium  bromide^  KBr. 

1.  AgNOg  produces  a  yellowish-white  precipitate  of  silver 
bromide,  AgBr,  insoluble  in  HNO3,  and  but  very  sparingly  sol 
uble  in  NH^OH. 

2.  Hg2  ^Og^a  precipitates   yellowish-white  mercurous  bro 

mide,  ngaBrj. 
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3.  H^O^  and  MnO„  warmed  with  the  solution,  cause  the 
evolution  of  red  vapors  of  bromine,  Br,  the  odor  of  which  is 
very  irritating. 

4.  Chlorine  water  liberates  Br 

aKBr    +    Clj    =    Br,    +    aKCl. 

If  starch  paste  be  added  to  the  mixture,  a  yellow  color  due  to 
the  formation  of  starch  bromide  results.  When  this  test  is 
applied  to  very  dilute  solutions,  it  is  necessary  to  agitate  the 
mixture  with  ether  or  chloroform,  which  will  dissolve  the  Br, 
and  upon  separating  from  the  water  will  exhibit  a  yellowish-red 
color  if  that  element  be  present. 

Reactions  of  Soluble  Salts  of  Hydriodic  Acid, 
Use  a  i-per-cent.  solulian  of  potassium  iodide,  KI. 

1.  AgNO,  produces  a  yellowish  precipitate  of  silver  iodide, 
Agl.  insoluble  in  HNO,  or  NH.OH. 

2.  Hgj(NOg)g  precipitates  green  mercurouB  iodide,  Hg,I,. 

3.  HgGg  causes  a  red  precipitate  of  mercuric  iodide,  Hgl„ 
soluble  in  an  excess  of  either  substance. 

4.  Pb(C,HgO,),  produces  a  yellow  precipitate  of  lead  iodide, 
Pbl^,  soluble  in  boiling  water. 

5.  Chlorine  water  liberates  iodine,  I,  which  produces  with  starch 
paste  a  blue  color  of  starch  iodide.  The  color  disappears  on 
heating,  but  reappears  on  cooling  ;  it  is  permanently  discharged 
by  an  excess  of  chlorine  water,  through  the  formation  of  colorless 
iodine  chloride. 

6.  CuSO,,  in  concentrated  solution,  produces  in  a  solution  of 
KI  a  white  precipitate  of  cuprous  iodide,  Cu^I,,  which  is  col- 
ored dark  by  the  iodine  set  free  in  the  reaction. 

4KI    +    iCuSO,    =    Cujlj    +    I,    +    sKaSO,. 

When,  however,  a  reducing  agent,  such,  for  instance,  as  Fe- 
SO„  is  added  at  the  same  time,  the  liberation  of  I  is  prevented 
and  the  true  color  of  the  Cu,I,  is  obtained. 
aKl    +    aCuS04    +    iFeSO,    =    Cu.I,    +    K.SO,    +    Feg(S04V 

Hydrofluoric  Acid,   HF, 

The  evolution  of  intensely  irritating  fiimes,  on  the  addition  of 
H^O,  to  calcium  fluoride,  which  etch  glass,  is  suflicieotly  cbiir- 
acteristic  of  this  acid,  "" 
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Reactions  of  Soluble  Salts  of  Hydrocyanic  Acid. 

Use  a  I'per-cent,  solution  of  potassium  cyanide y  KCN. 

1.  AgNOg  produces  a  white  precipitate  of  silver  cyanide, 
AgCN,  soluble  in  KCN,  sparingly  soluble  in  NH^OH,  and  in- 
soluble in  dilute  HNO3. 

2.  NH^HS  evaporated  with  KCN  to  dryness,  at  a  temperature 
below  boiling,  will  give,  on  dissolving  the  residue  in  water  and 
adding  FcjClg,  a  deep  blood-red  color  of  Fej(CNS)e,  produced 
from  the  sulphocyanate  formed  during  the  evaporation. 

3.  FeS04  and  FeaClg,  when  added  to  the  solution  and  followed 
with  NaOH  until  a  permanent  precipitate  is  produced,  will,  after 
heating  the  mixture  and  acidifying  it  with  HCl,  produce  a  deep 
blue  precipitate  of  ferric  ferrocyanide,  (Fej)a(Fe(CN)3)3. 

6KCN    -f    FeSO^    =    K4Fe(CN)e    +    K.SO4. 

FejCle    +    FeSO^    -f    8NaOH    =    Fea(OH)e    -f     Fe(OH),    -f 

6NaCl    -f    Na^SO^. 

2Fea(OH)a    +    sK^FeCCN),    +     12HCI    =    (Fea),(Fe(CN)a)8    + 

12KCI    -f     i2HaO. 

4.  HCl,  HNO3,  or  any  other  acid,  causes  an  evolution  of  hy- 
drocyanic acid,  HCN,  readily  recognized  by  its  odor.  Great 
care  should  be  exercised  in  carrying  out  this  test  in  order  to 
avoid  inhaling  more  than  a  trace  of  the  fumes. 

Directions  for  the  Detection  of  the  Acids  in  a  Solu- 
tion containing  Soluble  Salts  of  Group  I. 

To  some  of  the  original  solution  add  a  small  crystal  of  FeS04, 
some  solution  of  FejClj,  and  then  sufficient  NaOH  to  make  the 
mixture  alkaline.  Heat  and  afterwards  acidify  with  HCl ;  a  deep 
blue  precipitate  indicates  HCN. 

If  HCN  is  present,  add  to  another  portion  of  the  original  solu- 
tion HNO3  and  boil  until  all  HCN  is  expelled. 

To  the  solution  thus  treated,  or,  when  HCN  is  absent,  to  some 
of  the  original  solution  simply  acidified  with  HNO3,  *^^^  AgNO, ; 
warm  the  mixture,  shake  well,  and  continue  the  addition  of 
A^NOg  until  the  precipitation  is  completed.  Collect  the  precipi- 
tate of  Aj3;Cl,  A^Br,  and  Agl  on  a  filter,  wash,  and  pour  upon 
the  filter  NH4OH  •  AgCl  will  be  dissolved,  and  may  be  detected 
in  the  filtrate  by  acidifying  with  HNO3.  Its  presence  indicates 
HCl. 
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To  a  third  portion  of  the  original  solution  add  a  few  drops  of 
starch,  paste,  and  then,  slowly,  chlorine  water  until,  after  agita- 
tion, the  liquid  smelb  of  it.  If  a  blue  color  is  obtained  HI 
is  present.  Continue  the  addition  of  chlorine  water  until  the 
blue  color  is  destroyed,  when,  if  the  solution  is  yellow,  HBr  is 
indicated.  Its  presence  may  be  still  further  verified  by  agitating 
the  solution  with  chloroform,  which  will  dissolve  the  bromine,  and 
upon  separating  exhibit  a  yellowish -red  color. 

Note. — Although  slight  acidity  with  HCl  is  not  objectionable, 
alkaline  and  strongly  acid  solutions  should  always  be  rendered 
neutral  before  applying  the  starch  and  chlorine  test. 

Ghxmp  n.  Hypoohlorous  Acid,  Ohloric  Acid,  Hydrosulphuric 
Acid,  Sulphurous  Acid,  Sulphuric  Acid,  Thiosulphuric  Acid, 
Nitric  Add,  Hypophosphorous  Acid,  Orthophoephoric  Acid, 
P3nx>phoephoric  Acid,  Metaphosphoric  Acid,  Boric  Acid, 
Carbonic  Acid,  Silicic  Acid. 

Reactions  of  Soluble  Salts  of  Hypochlorous  Acid. 

Use  n  2'Per'Ce7it,  solution  of  sodium  hypochlorite^  NaClO. 

1.  HCl  causes  the  evolution  of  chlorine,  CI,  readily  recog- 
nized by  its  odor  and  by  the  bleaching  action  it  exerts  on  litmus 
paper  or  on  solution  of  indigo. 

NaClO    -f    2HCI    =    CI,    +    NaCl    -f    HaO. 

2.  AgNOg  produces  a  white  precipitate  of  silver  chloride, 
AgCl,  insoluble  in  HNO3,  but  soluble  in  NH^OH. 

3NaC10    4-    aAgNOg    =    2AgCl    -f    AgClOs    -f    aNaNOg. 

3.  PbCCaHgOa)^,  with  an  excess  of  the  solution,  forms  at  first 
a  white  precipitate  which,  on  heating,  turns  brown,  owing  to  the 
formation  of  lead  peroxide,  PbO^. 

9NaC10    -f    PbCCgHsOa^a   =    PbOg    +    9NaCl    -f-    4COa   +   aHjO. 

Reactions  of  Solublf  Salts  of  Chloric  Acid. 

Use  a  ^'Per-cent.  solution  of  potassium  chlorate,  KCIO3. 

1.  HgSO^  causes  the  evolution  of  yellow  chlorine  tetroxide, 
having  a  characteristic  odor. 

3KCIO8    +    2HaS04   =  Cl^O^     +    KCIO4    +    2KHSO4    +    H2O. 

When  the  dry  salt  is  used  this  reaction  takes  place  with  some 
violence,  or,  when  organic  matter  is  present,  with  explosion. 

2.  On  heating  the  dry  salt  oxygen|Q^tt||HMM|^nd  may 
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be  readily  detected  by  holding  over  the  mass  the  glowing  end  of 
a  match  or  taper,  which  is  rekindled  by  the  oxygen. 

3.  AgNOj  produces  no  precipitate.  This  is  an  important  dis- 
tinction from  HCl.  When  it  is  present  it  may  be  removed  by 
just  enough  AgNOg  to  precipitate  it,  and  the  remaining  solution 
after  filtration  tested  for  HClOg  by  evaporating  to  dryness,  heat- 
ing to  redness,  dissolving  in  water,  and  adding  AgNOg,  when, 
if  a  chlorate  was  present,  a  white  precipitate  of  silver  chloride, 
AgCl,  will  form ;  the  chlorate  having  been  converted  by  heat 
into  chloride. 

KClOg     =     KCl     +     Og. 

4.  A  modification  of  the  above  test  may  be  used  to  distin- 
guish a  chlorate  from  a  nitrate,  as  the  latter  gives  many  of  the 
reactions  of  the  former.  The  residue,  after  heating  a  nitrate, 
will  not  give  a  precipitate  when  dissolved  in  water  and  tested 
with  AgNOg. 

5.  AgNOg,  with  a  drop  or  two  of  strong  HgSO^,  will  cause  a 
precipitate  of  AgCl,  owing  to  the  decomposition  of  the  chlorate 
by  the  strong  acid.  ' 

HVDROSULPHURIC  AciD,    HgS. 

Hydrogen  Sulphide. 

When  occurring  in  moderate  amount,  sufficient  evidence  of 
the  presence  of  this  acid  is  afforded  by  its  characteristic  odor. 
This  is  at  once  noticeable  in  the  original  material  when  the  acid 
exists  uncombined,  but,  in  the  case  of  sulphides,  only  after  the 
application  of  HgS04,  and  sometimes  of  heat  also. 

A  trace  may  be  detected  by  holding  over  the  mouth  of  the 
test-tube  a  piece  of  filter  paper  moistened  with  a  drop  of  solution 
of  lead  acetate,  when,  if  HgS  be  present,  the  moistened  spot  will 
become  black  from  the  formation  of  lead  sulphide. 

Reactions  of  Soluble  Salts  of  Sulphurous  Acid. 

Use  a  2'Per'Cent.  solution  of  sodium  sulphite^  NagSOg.7HgO. 

I.  In  the  free  state,  sulphurous  acid,  HgSOg,  may  be  consid- 
ered a  solution  of  sulphur  dioxide,  SO,,  in  water,  and  is  recog- 
nized by  the  odor  of  burning  sulphur,  which  is  characteristic  of 
SOg.  The  uncombined  acid  has  also  strong  bleaching  action, 
and  readily  decolorizes  potassium  permanganate  solution. 

sHaSOg    4     KaMnjOg    =    KaS04    -f    2MnS04  -\r  aHgSO^  -f  3HtO. 
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2*  Sulphites  are  characterized  by  yielding  SO^  on  the  addition 
of  a  strong  acid. 

NaaSOa    +    HaSO^    =    SOg    +    NaaS04    -f     HgO. 

If  a  piece  of  filter  paper  moistened  with  a  drop  of  lead  acetate 
solution  be  held  over  the  mouth  of  the  test-tube,  no  change  will 
occur  ;  but,  if  this  be  replaced  by  one  moistened  with  a  drop  of 
mercurous  nitrate  solution,  a  blackish  color  due  to  metallic  mer- 
cury, Hg,  results. 

4SOa    +     Hga(N08)a    +    4HaO    =    Hga    +    4HaS04    -f    NaOa- 

3.  When  the  free  acid  or  a  sulphite  is  added  to  a  mixture  of 
zinc  and  hydrochloric  acid,  hydrogen  sulphide,  HjS,  is  evolved. 

SOa    -f    3Ha    =    HaS    -f     2H2O. 

4.  BaClj  in  neutral  solution  causes  a  white  precipitate  of  ba- 
rium sulphite,  BaSOg,  soluble  in  HCl. 

5.  ZnS04  and  NaaFe(NO)(CN)5  produce,  in  dilute  solutions 
of  sulphites,  a  red  color,  or,  in  more  concentrated  solutions,  a 
flocculent  reddish  precipitate.  A  few  drops  of  potassium  ferro- 
cyanide  solution  render  the  reaction  more  distinct. 

Reactions  of  Soluble  Salts  of  Sulphuric  Acid. 

Use  a  i-per-ceni,  solution  of  sodium  sulphate^  NaaSO^.  loHaO. 

1.  BaCla  produces  a  white  precipitate  of  barium  sulphate, 
BaSO^,  insoluble  in  boiling  HCl  or  HNO3. 

2.  PbCCaHgOa^a  causes  a  precipitate  of  white  lead  sulphate, 
PbSO^,  insoluble  in  dilute  acids,  but  soluble  in  hot  concentrated 
acids. 

3.  When  a  sulphate  is  fused  on  charcoal  with  NajCOa  ^"^  ^^^ 
fused  mass  placed  on  a  bright  silver  coin  and  moistened  with  a 
drop  of  dilute  HCl,  a  black  stain,  due  to  the  formation  of  silver 
sulphide,  AgaS,  results.  This  reaction  is  especially  adapted  to 
the  detection  of  insoluble  sulphates. 

Reactions  of  Soluble  Salts  of  Thiosulphuric  Acid. 

Use  a  2'per'Cefit.  solution  of  sodium  thiosulphate ,  NaaSjOg.- 
5HaO. 

I.  HaSO^  causes  the  evolution  of  sulphur  dioxide,  SO^,  and 
a  precipitation  of  sulphur,  S  ;  the  latter  feature  distinguishes 
this  acid  from  sulphurous  acid. 

NaaSaOa    +    H,SO«    ^    SOu  ^J^^Ji^^^    +    HaO. 
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iiLe  jirvcipitate  of  silver  thioi 
.    :    ,  ..^cesB.     After  a  time  (immedb 
. .. .-    trj'jines  dark  and  thun  black,  sil' 
..:.'jr:t:  jcid  being  formed. 

,..—   .    -!i:te  precipitate  of  barium  thio! 
...T    ;  .xcess  of  water,  and  decomposed 

1..  ;:    i"  sulphur. 
..  :iT    I  zinc  and  hydrochloric  acid,  hyd 

.^.        -     .    ■■■ived. 

-     -  ■^.LiBLE  Salts  of  Nitric  Acid. 
_  .-     ..i::jt  of  potassiumniiraie.  KNO,. 
:^^::m,  '.iberates  nitric  acid,  HNOj.     If  < 
.  .c.i  t-.ih  the  sulphuric  acid,  colorless  nitro| 
.      _     c  ^iven  off,  which  in  conUct  with  air 
TTH  rwi  nitrogen  tetroxide,  N^O^,  whicl 
^   _.-.    v  its  color  and  odor. 

■.1    =    N,0,    +    3Cu(NOa),    +    4H,0 ; 
N,0,    -r    O,    =    NaO,. 
.  —  --Uc'i  ;o  the  mixture,  the  characteristic  odoi 
^   -  ..c«  cioped. 

.^     .--ine-i  n-iih  H,SO..  added  in  a  test-tube,  so  a 
.  ..  ^iurlon  of  a  nitrate  acidified  with  H^SO,. 
»  ;-!:r  ?.■  S.>nn  at  the  line  of  contact. 
^^.-»T  4:L-Iied  in  the  same  manner  affords  a  deep-i 

I.  ^(iiKCQ  is  decolorized  by  free  nitric  acid,  or  t 

■itrttw  strongly  acidified  with  HjSO,. 
.  .  ntraw  is  added  to  a  mi.xture  of  zinc  and  |>otassi 
n  •tfiw  Jcid  is  reduced  to  ammonia,  NH,,  whic 
jrti  xux  be  detected  in  the  usual  way. 
HNi-S    -    4H,    =    NHa    ~    3H«0. 
jBtuiSe  test  for  distinguishing  nitric  acid  in  the  pi 

K  JO  charcoal,  deflagration  takes  place,  the  chare 
e  of  the  oxygen  of  the  nitrate. 
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Reactions  of.  Soluble  Salts  of  Hypophosphorous  Acid. 

Use  a  2'per-cenL  solution  of  sodium  hypophosphitey  NaPHgOg.- 
HgO. 

1.  By  ignition  the  hypophosphites  are  resolved  into  spon- 
taneously inflammable  hydrogen  phosphide,  H3P,  and  phos- 
phates. 

2NaPHaOa    =    HgP    +    NaaHP04. 

2.  AgNOg  produces  at  first  a  white  precipitate  of  silver  hypo- 
phosphite,  AgPH^Og,  which  soon  becomes  black,  owing  to  the 
formation  of  metallic  silver,  Ag. 

2NaPHaOa    +    2AgN08    =    Agg    +    2NaHaP04    -f-    NaOg. 

3.  HgClj  in  excess  causes  a  white  precipitate  of  mercurous 
chloride,  Hg^Clj.  This  reaction  takes  place  more  rapidly  on 
warming  and  in  the  presence  of  HCl. 

NaPHgOa   +  4HgCla   +    2HaO   =   2HgaCla   -f    NaHgPO*  +  4HCI. 

Reactions  of  Soluble  Salts  of  Orthophosphoric  Acid. 

Use  a  2-per-cent,  solution  of  sodium  phosphate ^  NagHP04.- 
i2HaO. 

1.  AgNOg  causes  a  light-yellow  precipitate  of  silver  phos- 
phate, AggPO^,  soluble  in  HNO3  or  NH^OH. 

2.  Fe^Cle,  in  the  presence  of  sodium  acetate,  produces  a  yel- 
lowish-white, gelatinous  precipitate  of  ferric  phosphate,  Fcg- 
(^^4)2-     ^^  excess  of  FcjClg  must  be  avoided. 

3.  (NH4)3Mo04,  in  neutral  or  acid  solution,  causes  a  yellow 
precipitate  of  ammonium  phosphomolybdate,  (NH4)3P04-' 
(MoOg)io.2HjO,  to  separate  slowly.  This  compound  is  insoluble 
in  HNO3,  but  dissolves  in  NH^OH.  The  precipitation  is  pro- 
moted by  the  presence  of  NH^NOg,  which  serves  to  counteract 
the  tendency  of  other  compounds  to  retard  the  formation. 

4.  Magnesia  mixture  (consisting  of  MgS04,  NH4CI,  and  NH^- 
OH)  causes  a  white  precipitate  of  magnesium  ammonium 
phosphate,  Mg(NH4)P04.  Agitation  facilitates  the  formation 
of  this  precipitate. 

5.  BaClj,  in  neutral  solution,  produces  a  white  precipitate  of 
barium  phosphate,  BaHP04,  soluble  in  HCl. 

6.  Albumen  (white  of  ^gg)  does  not  cause  a  precipitate. 
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2.  AgNOg  produces  a  white  precipitate  of  silver  thiosul- 
phate,  AggSgOg,  soluble  in  excess.  After  a  time  (immediately 
on  heating)  the  precipitate  becomes  dark  and  then  black,  silver 
sulphide,  Ag^S,  and  sulphuric  acid  being  formed. 

AgaSaOa    +     HgO    =    Ag^    +    H^SO*. 

3.  BaClg  produces  a  white  precipitate  of  barium  thiosul- 
phate,  BaSjOj,  soluble  in  excess  of  water,  and  decomposed  by 
HCl  with  the  precipitation  of  sulphur. 

4.  Added  to  a  mixture  of  zinc  and  hydrochloric  acid,  hydro- 
gen sulphide,  H^S,  is  evolved. 

Reactions  of  Soluble  Salts  of  Nitric  Acid. 

Use  a  2-per-cent.  solution  of  potassium  nitrate,  KNO3. 

1.  HgS04,  on  heating,  liberates  nitric  acid,  HNO3.     If  cop- 
per turnings  be  added  with  the  sulphuric  acid,  colorless  nitroge 
dioxide,  NgOg,  will  be  given  off,  which  in  contact  with  air  a 
sorbs  oxygen  to  form  red  nitrogen  tetroxide,  N,04,  which 
readily  recognized  by  its  color  and  odor. 

8HNO3    +    3Cu    =    N,Oa    +    3Cu(N08),    +    4H,0; 

If  alcohol  be  added  to  the  mixture,  the  characteristic  odor 
nitrous  ether  is  developed. 

2.  FeS04,  acidified  with  HgS04,  added  in  a  test-tube,  so  as  -C:c 
form  a  layer  on  a  solution  of  a  nitrate  acidified  with  HgS04,  w~x// 
cause  a  dark  layer  to  form  at  the  line  of  contact 

3.  (CeHg)gNH  applied  in  the  same  manner  affords  a  deep-blue 
color. 

4.  Indigo  solution  is  decolorized  by  free  nitric  acid,  or  by  a 
solution  of  a  nitrate  strongly  acidified  with  H,S04. 

5.  When  a  nitrate  is  added  to  a  mixture  of  zinc  and  potassium 
hydrate,  the  nitric  acid  is  reduced  to  ammonia,  NH3,  whidi  is 
vaporized,  and  may  be  detected  in  the  usual  way. 

HNO3    +    4Ha    =    NHs    +    3HaO. 

This  is  a  valuable  test  for  distinguishing  nitric  acid  in  the  pres- 
ence of  chloric  acid. 

6.  Heated  on  charcoal,  deflagration  takes  place,  the  charcoal 
burning  at  the  expense  of  the  oxygen  of  the  nitrate. 
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Reactions  of.  Soluble  Salts  of  Hypophosphorous  Acid. 

Use  a  2-per-cenL  solution  of  sodium  hypophosphite^  NaPHgOg.- 
HgO. 

1.  By  ignition  the  hypophosphites  are  resolved  into  spon- 
taneously inflammable  hydrogen  phosphide,  H3P,  and  phos- 
phates. 

2NaPH,0,    =    HsP    +    NaaHP04. 

2.  AgNOg  produces  at  first  a  white  precipitate  of  silver  hypo- 
phosphite,  AgPHgOg,  which  soon  becomes  black,  owing  to  the 
formation  of  metallic  silver,  Ag. 

2NaPHaO,    +    2AgN08    =    Agg    +    2NaHaP04    -f-    N,0,. 

3.  HgClj  in  excess  causes  a  white  precipitate  of  mercurous 
chloride,  HggCla.  This  reaction  takes  place  more  rapidly  on 
warming  and  in  the  presence  of  HCl. 

NaPHgOa  +  4HgCla   +    2HaO   =   2HgaCla   +   NaHaP04  +  4HCI. 

Reactions  of  Soluble  Salts  of  Orthophosphoric  Acid. 

Use  a  2'per-cent.  solution  of  sodium  phosphate ^  Naj,HP04.- 
i2HjO. 

1.  AgNOg  causes  a  light-yellow  precipitate  of  silver  phos- 
phate, Ag8P04,  soluble  in  HNOg  or  NH4OH. 

2.  FegCle,  in  the  presence  of  sodium  acetate,  produces  a  yel- 
lowish-white, gelatinous  precipitate  of  ferric  phosphate,  Fe^- 
(P04)g.     An  excess  of  FcgCle  must  be  avoided. 

3.  (NH4)gMo04,  in  neutral  or  acid  solution,  causes  a  yellow 
precipitate  of  ammonium  phosphomolybdate,  (NH4)gP04- 
(MoOg)io.2HaO,  to  separate  slowly.  This  compound  is  insoluble 
in  HNOg,  but  dissolves  in  NH4OH.  The  precipitation  is  pro- 
moted by  the  presence  of  NH4NOg,  which  serves  to  counteract 
the  tendency  of  other  compounds  to  retard  the  formation. 

4.  Magnesia  mixture  (consisting  of  MgS04,  NH4CI,  and  NH4- 
OH)  causes  a  white  precipitate  of  magnesium  ammonium 
phosphate,  Mg(NH4)P04.  Agitation  facilitates  the  formation 
of  this  precipitate. 

5.  BaClg,  in  neutral  solution,  produces  a  white  precipitate  of 
barium  phosphate,  BaHP04,  soluble  in  HCl. 

6.  Albumen  (white  of  ^g)  does  not  cause  a  precipitate. 
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Reactions  of.  Soluble  Salts  of  Hypophosphorous  Acid. 
Use  a  2'per-cenL  solution  of  sodium  hypophosphite,  NaPH,Og.- 

1.  By  ignition  the  hypophosphites  are  resolved  into  spon- 
taneously inflammable  hydrogen  phosphide,  H3P,  and  phos- 
phates. 

2NaPH,0,    =    Ha?    +    NaaHP04. 

2.  AgNOg  produces  at  first  a  white  precipitate  of  silver  hypo- 
phosphite,  AgPHgOg,  which  soon  becomes  black,  owing  to  the 
formation  of  metallic  silver,  Ag. 

2NaPH,Oa    +    ^AgNOs    =    Agg    +    2NaHaP04    -f-    NgOa. 

3.  HgClj  in  excess  causes  a  white  precipitate  of  mercurous 
chloride,  HggClg.  This  reaction  takes  place  more  rapidly  on 
warming  and  in  the  presence  of  HCl. 

NaPHgO,  +  4HgCla   +    2HaO   =   2HgaCla   +   NaHaP04  +  4HCI. 

Reactions  of  Soluble  Salts  of  Orthophosphoric  Acid. 

Use  a  2'per-cent.  solution  of  sodium  phosphate ,  NaaHP04.- 
i2HaO. 

1.  AgNOg  causes  a  light-yellow  precipitate  of  silver  phos- 
phate, Ag8P04,  soluble  in  HNO3  or  NH4OH. 

2.  FeaCle,  in  the  presence  of  sodium  acetate,  produces  a  yel- 
lowish-white, gelatinous  precipitate  of  ferric  phosphate,  Fea- 
(P04)a.     An  excess  of  FcaCle  must  be  avoided. 

3.  (NH4)aMo04,  in  neutral  or  acid  solution,  causes  a  yellow 
precipitate  of  ammonium  phosphomolybdate,  (NH4)3P04- 
(MoOg)io.2HaO,  to  separate  slowly.  This  compound  is  insoluble 
in  HNO3,  but  dissolves  in  NH4OH.  The  precipitation  is  pro- 
moted by  the  presence  of  NH4NO3,  which  serves  to  counteract 
the  tendency  of  other  compounds  to  retard  the  formation. 

4.  Magnesia  mixture  (consisting  of  MgS04,  NH4CI,  and  NH4- 
OH)  causes  a  white  precipitate  of  magnesium  ammonium 
phosphate,  Mg(NH4)P04.  Agitation  facilitates  the  formation 
of  this  precipitate. 

5.  BaCla,  in  neutral  solution,  produces  a  white  precipitate  of 
barium  phosphate,  BaHP04,  soluble  in  HCl. 

6.  Albumen  (white  of  ^gg)  does  not  cause  a  precipitate. 
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Oleic  Acid,  HCigHgaOg. 

Oleic  acid  is  an  oily  liquid  at  ordinary  temperatures,  but  becomes 
solid  at  4°  C,  and  remains  so  until  the  temperature  rises  to  14®  C,  when 
it  again  becomes  liquid.  Lead  oleate,  Pb(Ci8H8802)a.  prepared  by  sat- 
urating sodium  oleate  with  acetic  acid  and  adding  lead  acetate,  is  almost 
entirely  soluble  in  ether.  This  is  an  important  distinction  from  stearic 
acid. 

Lactic  Acid,  HC3H5O3. 

Lactic  acid  is  a  colorless,  odorless,  syrupy  liquid  which  has  a  very 
sour  taste.  It  is  soluble  in  water,  alcohol,  and  ether,  but  insoluble  in 
chloroform.  When  heated  with  an  equal  volume  of  HaS04  and  a  few 
crystals  of  potassium  permanganate,  a  perceptible  odor  of  aldehyde  is 
obtained.  Lactates  are  all  soluble  in  water,  though  most  of  them  spar- 
ingly ;  they  are  insoluble  in  ether. 

HgglNOa^a.  boiled  with  a  strong  solution  of  a  lactate,  yields  crimson 
mercurous  lactate,  HgalCsHsOs)^. 

Reactions  of  Soluble  Salts  of  Oxalic  Acid. 

Use  a  ^per-cent,  solution  of  ammonium  oxalate ^  (NH^),^- 
O4.H3O. 

I.  KaMngOg,  when  added  to  the  solution  acidified  with  HgS04, 
is  decolorized. 

a.  BaClg  produces  a  white  precipitate  of  barium  oxalate, 
BaCa04,  sparingly  soluble  in  HCgHgOg  or  YiJZJd^,  and  freely 
soluble  in  HCl,  HNOg,  or  NH^Cl. 

3.  AgNOg  precipitates  white  silver  oxalate,  AggCgO^,  solu- 
ble in  hot  concentrated  HNOg  and  in  NH4OH. 

4.  CaClg  produces,  even  in  highly  dilute  solutions,  a  white 
precipitate  of  calcium  oxalate,  CaCgO^,  soluble  in  HCl  or 
HNOg,  but  insoluble  in  HCgHgOg. 

5.  FeS04,  with  dilute  solutions,  causes  a  yellow  color ;  more 
concentrated  solutions  yield,  upon  wanning,  a  yellow  precipitate 
of  ferrous  oxalate,  FeCg04.  This  compound  is  insoluble  in 
HCgHgOg,  but  dissolves  in  HCl  or  HNOg. 

Succinic  Acid,  HgC4H404. 

X.  BaClg  produces  no  precipitate  with  a  solution  of  a  succinate  until 
alcohol  is  added,  when  barium  succinate,  BaC4H404,  which  is  soluble  in 
NH4CI,  is  thrown  down. 

a.  FegClg  causes  a  brownish-red,  bulky  precipitate  of  ferric  succinate, 
Feg(C4H404)3. 

3-  Pb(CaH302)3  precipitates  white,  amorphous  lead  succinate,  PbC4- 
H4O4.  soluble  in  HNOg. 
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Malic  Acid,  HjC4H40g. 

X.  CaCI^  fails  to  give  a  precipitate  with  the  acid  or  its  salts  until  the 
mixture  is  boiled,  when  calcium  malate,  CaC4H405.HaO,  separates. 
The  addition  of  alcohol  will  cause  this  precipitation  without  boiling. 

a.  Pb(CaH809)9  precipitates  white  lead  malate,  PbC4H405.3H90. 

Reactions  of  Soluble  Salts  of  Tartaric  Acid. 

Use  a  2'Per-ceni,  solution  of  potassium  and  sodium  tartrate^ 
KNaC4H40e.4HaO. 

1.  BaClj  precipitates  white  barium  tartrate,  BaC4H40a,  solu- 
ble in  ammonium  salts  or  in  HCl. 

2.  CaClg  produces  a  white  precipitate  of  calcium  tartrate, 
CaC4H40e.4HjO.  Ammonium  salts  prevent  this  precipitation. 
The  precipitate  is  soluble  in  KOH,  from  which,  upon  boiling,  it 
is  redeposited.     HCjHgOa  also  dissolves  CaC4H40g.4HgO. 

3.  AgNOg  causes  a  white  precipitate  of  silver  tartrate,  Ag^- 
C4H40e,  which  becomes  black  on  boiling,  owing  to  the  separation 
of  metallic  silver,  Ag.  If,  however,  the  precipitate  be  dissolved 
in  a  few  drops  of  NH4OH,  and  the  solution  so  obtained  be  boiled, 
a  mirror  of  Ag  forms  on  the  test-tube.  The  vessel  must  be  per- 
fectly cleaned  for  this  reaction  ;  to  accomplish  this,  rinse  it  with 
KOH  solution  and  then  thoroughly  with  water. 

4*  Ca(OH)a  in  excess  causes  a  precipitate  of  calcium  tar- 
trate, CaC4H40g.4HaO.  This  precipitate  is  flocculent  at  first, 
in  which  state  it  is  readily  soluble  in  NH4CI,  "but  after  standing 
for  some  time  it  becomes  crystalline ;  it  is  then  insoluble  in 
NH4CI. 

5.  W,^^^^  and  tartrates  char  on  heating,  and  with  HgS04 
the  odor  of  burnt  sugar  is  given  off. 

Reactions  of  Soluble  Salts  of  Citric  Acid. 

Use  a  2'per'Cent,  solution  of  potassium  citrate,  KgC^HgO^.  H  jO. 

I.  BaCl,  produces  a  white  precipitate  of  barium  citrate, 
838(051^507),,  soluble  in  excess  of  water,  in  ammonium  salts,  or 
in  acids. 

a.  CaClj  precipitates  white  calcium  citrate,  Cag(CeH507)a, 
when  the  solutions  are  boiled  together.  The  precipitate  is  much 
more  soluble  in  cold  water ;  it  is  also  soluble  in  cold  NH4CI,  but 
redeposited  upon  boiling.     KOH  does  not  dissolve  it. 

3.  AgNOg  produces  a  white  precipitate  of  silver  citrate, 
^ZJ^^J^i ;  on  boiling  no  metallic  mirror  is  formed. 
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Directions  for  the  Detection  of  the  Acids  in  a  Soi 

TION  containing  SOLUBLE  SaLTS  OF  GrOUP  II. 

Test  the  reaction  of  the  original  solution  with  litmus  paper ; 
alkaline,  carbonates,  borates,  and  phosphates  may  be  prese 
If  the  solution  is  acid,  neutralize  with  NaOH  before  applying, 
separate  portions,  the  following  .tests,  which  serve  to  detect  1 
acids  of  more  frequent  occurrence  in  mixtures  : 

I.  Add  some  strong  HjS04  J  ^^  ^^^^  of  SO,  alone  indica 
HgSOa.  When  a  precipitate  of  S  accompanies  the  evolution 
SOa,  HgSaOg  is  present ;  in  which  case,  to  detect  HgSOg,  ap] 
the  next  test. 

II.  Add  to  some  of  the  original  solution  sufficient  ZnSO^ 
completely  precipitate  it,  then  a  few  drops  of  Naj,Fe(NO)(CN 
and  finally,  after  mixing,  some  K4Fe(CN)g.  A  red  color  resi 
if  H3SO3  is  present. 

III.  Acidify  with  HQ  and  add  BaClg ;  a  white  precipitate 
dicates  H^SO^. 

IV.  Add  an  equal  volume  of  strong  HgS04  and  some  cop] 
turnings,  boil ;  red  fumes  reveal  the  presence  of  HNO3.  C 
firm  this  test  by  the  other  reactions  of  HNO3. 

V.  Evaporate  a  portion  of  the  original  solution  to  drync 
add  a  few  drops  of  strong  H3SO4,  stir  it  well  through  the  residi 
add  15  to  20  drops  of  alcohol,  and  ignite.     In  the  absence 
copper,  a  green  flame  is  evidence  of  HgBOg. 

VI.  Add  HCaHjOg  or  diluted  HgS04.  An  effervescence 
the  cold  without  odor  indicates  HjCOg.  When  other  gases  ; 
given  off*  at  the  same  time,  the  COg  may  be  identified  by  passi 
it  into  lime  water,  with  which  it  produces  a  white  precipitate 
CaCOg. 

VII.  Acidify  a  few  drops  with  HNOg,  add  it  to  a  relativ 
large  quantity  of  (NH4)gMo04,  and  warm  the  mixture  gent) 
a  yellow  precipitate  is  obtained  if  HgP04  is  present. 

The  salts  of  the  following  acids  usually  occur  unmixed  w 
other  substances.     The  acids  may  then  be  identified  as  follows 

HCIO  gives  with  HCl  the  odor  of  CI.  It  also  produces  a  white  p 
cipitate  with  AgNOg. 

HCIO3  evolves  Cl  upon  the  addition  of  HCl,  but  does  not  precipit 
AgNOg  until  it  has  been  heated  to  redness.  Chlorates  deflagrate  w 
charcoal. 

HgS  is  liberated  upon  the  addition  of  HgS04  and  the  application 
heat.  It  is  recognized  by  its  odor  or  its  action  on  paper  moistened  w 
solution  of  Pb(A)2. 
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HPHaOa  is  indicated  by  the  odor  of  H3P  upon  strong  ignition. 

H4Si04  is  precipitated  as  a  gelatinous  mass  when  HCl  is  added  to  a 
soluble  silicate.    To  fully  confirm  this  reaction  prepare  a  silica  skeleton. 

H4Fe(CN)e  evolves  HCN  when  HaS04  is  added  and  the  mixture 
warmed.     FcaCle  produces  a  deep  blue  precipitate. 

H5Feg'CN)xg  also  yields  HCN  upon  treatment  with  HaS04.  It,  how- 
ever, is  distinguished  from  H4F*e(CN)e  by  giving  a  deep  blue  precipitate 
with  FeS04. 

H4P3O7  causes  a  white  precipitate  with  AgNOj.  By  boiling  its  solu- 
tion with  HNOa  it  is  converted  into  H8PO4,  which  is  identified  by 
(NH4)3Mo04. 

HPOa  likewise  affords  a  white  precipitate  with  AgNOs-  ^^  is  changed 
into  H8PO4,  as  is  H4Pa07 ;  from  the  latter,  however,  it  differs  by  pro- 
ducing a  precipitate  with  albumen. 


Qroup  m.  Aoetio  Acid,  VaJerlanio  Acid,  Stearic  Acid,  Oleic 
Acid,  Lactic  Acid,  Oxalic  Acid,  Succinic  Acid,  Malic  Acid, 
Tartaric  Acid,  Citric  Acid,  Carbolic  Acid,  Benzoic  Acid» 
Salicylic  Acid,  Gallic  Acid,  Tcmnic  Acid. 

Reactions  of  Soluble  Salts  of  Acetic  Acid. 

Use  a  2'Per-cent,  solution  of  sodium  acetate^  NaCjH30j.3HjO. 

1.  In  the  free  state  acetic  acid  is  readily  recognized  by  its 
odor. 

2.  HgS04,  added  to  an  acetate  and  the  mixture  warmed,  lib- 
erates acetic  acid,  HCaHgOg. 

3.  HjS04  and  C^HgOH  in  equal  volumes,  added  to  an  acetate 
and  the  mixture  warmed,  form  acetic  ether,  CaH^CjHgOj,  which 
has  a  fragrant,  slightly  acetous  odor. 

4.  FeaClg.  with  a  neutral  acetate,  produces  a  deep  red  color, 
due  to  ferric  acetate,  FeaCCgHgOg^.  This  differs  from  Fcg- 
(CNS)e  by  not  being  destroyed  by  HgClj. 

Valerianic  Acid,  HCgHgOj. 

The  odor  is  sufficient  evidence  of  the  presence  of  this  acid.  This  odor 
is  developed  by  moisture  and  heat,  and  in  the  case  of  the  salts  by  the 
addition  of  H2SO4. 

Stearic  Acid,  HCigHg^Oa. 

Stearic  acid  is  a  white,  fatty  solid,  meltinj^:  at  69.2°  C,  giving  when 
combined  with  potassium  a  soft  soap,  and  with  sodium  a  hard  soap ; 
from  both  it  separates  as  an  oily  liquid  on  the  addition  of  HCl,  becoming 
solid  on  cooling.  The  lead  salt,  lead  stearate,  Pb(Cj8H3502)2,  is  insolu- 
ble in  ether. 
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Oleic  Acid,  HCibHjjO,. 

Oleic  acid  is  an  oily  liquid  at  ordinary  temperatures,  but  becomes 
solid  at  4°  C,  and  remains  so  until  the  temperature  rises  to  14®  C,  when 
it  again  becomes  liquid.  Lead  oleate,  Pb(Ci8H330g)g,  prepared  by  sat- 
urating sodium  oleate  with  acetic  acid  and  adding  lead  acetate,  is  almost 
entirely  soluble  in  ether.  This  is  an  important  distinction  from  stearic 
acid. 

Lactic  Acid,  HCgH^Og. 

Lactic  acid  is  a  colorless,  odorless,  syrupy  liquid  which  has  a  very 
sour  taste.  It  is  soluble  in  water,  alcohol,  and  ether,  but  insoluble  in 
chloroform.  When  heated  with  an  equal  volume  of  HaS04  and  a  few 
crystals  of  potassium  permanganate,  a  perceptible  odor  of  aldehyde  is 
obtained.  Lactates  are  all  soluble  in  water,  though  most  of  them  spar- 
ingly ;  they  are  insoluble  in  ether. 

Hga(N08)2»  boiled  with  a  strong  solution  of  a  lactate,  yields  crimson 
mercurous  lactate,  HgalCsHAOs)^. 

Reactions  of  Soluble  Salts  of  Oxalic  Acid. 

Use  a  ^.-per-cent.  solution  of  ammonium  oxalate^  (NH^),^- 
04.HaO. 

1.  KaMnjOg,  when  added  to  the  solution  acidified  with  HaS04, 
is  decolorized. 

2.  BaCla  produces  a  white  precipitate  of  barium  oxalate, 
BaC304,  sparingly  soluble  in  HCgHgOg  or  H^C,04,  ^^^  freely 
soluble  in  HCl,  HNO3,  or  NH4CI. 

3.  AgNOg  precipitates  white  silver  oxalate,  Ag,Cg04,  solu- 
ble in  hot  concentrated  HNO3  ^'^^  ^"  NH4OH. 

4.  CaClj  produces,  even  in  highly  dilute  solutions,  a  white 
precipitate  of  calcium  oxalate,  CaCa04,  soluble  in  HQ  or 
HNOa,  but  insoluble  in  HC^HjO,. 

5.  FeS04,  with  dilute  solutions,  causes  a  yellow  color ;  more 
concentrated  solutions  yield,  upon  warming,  a  yellow  precipitate 
of  ferrous  oxalate,  FeCg04.  This  compound  is  insoluble  in 
HCaHjOj,  but  dissolves  in  HCl  or  HNOg. 

Succinic  Acid,  HJC4H4O4. 

1.  BaCl2  produces  no  precipitate  with  a  solution  of  a  succinate  until 
alcohol  is  added,  when  barium  succinate,  BaC4H404,  which  is  soluble  in 
NH4CI,  is  thrown  down. 

2.  FeaCle  causes  a  brownish-red,  bulky  precipitate  of  ferric  succinatt, 
Fea(C4H404)3. 

3.  Pb(C2H30a)9  precipitates  white,  amorphous  lead  suocinat*,  PbCr 
H4O4,  soluble  in  HNO3. 
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Malic  Acid,  HaC^H^Og. 

I.  CaCl^  fails  to  give  a  precipitate  with  the  acid  or  its  salts  until  the 
mixture  is  boiled,  when  calcium  malate,  CaC4H405.HaO,  separates. 
The  addition  of  alcohol  will  cause  this  precipitation  without  boiling. 

a.  Pb(C9H809)9  precipitates  white  lead  malate,  PbC4H40a.3H90. 

Reactions  of  Soluble  Salts  of  Tartaric  Acid. 

Use  a  2'Per'Cent,  solution  of  potassium  and  sodium  tartrate^ 
KNaC4H40e.4H30. 

1.  BaClg  precipitates  white  barium  tartrate,  BaC4H408,  solu- 
ble in  ammonium  salts  or  in  HCl. 

2.  CaClg  produces  a  white  precipitate  of  calcium  tartrate, 
<raC4H408.4H90.  Ammonium  salts  prevent  this  precipitation. 
The  precipitate  is  soluble  in  KOH,  from  which,  upon  boiling,  it 
is  redeposited.     HC9H3O9  also  dissolves  CaC4H408.4H90. 

3.  AgNOg  causes  a  white  precipitate  of  silver  tartrate,  Agj- 
^^fi^,  which  becomes  black  on  boiling,  ow  ing  to  the  separation 
of  metallic  silver,  Ag.  If,  however,  the  precipitate  be  dissolved 
in  a  few  drops  of  NH4OH,  and  the  solution  so  obtained  be  boiled, 
a  mirror  of  Ag  forms  on  the  test-tube.  The  vessel  must  be  per- 
fectly cleaned  for  this  reaction  ;  to  accomplish  this,  rinse  it  with 
KOH  solution  and  then  thoroughly  with  water. 

4.  Ca(OH)j  in  excess  causes  a  precipitate  of  calcium  tar- 
trate, CaC4H40g.4HgO.  This  precipitate  is  flocculent  at  first, 
in  which  state  it  is  readily  soluble  in  NH4CI,  but  after  standing 
for  some  time  it  becomes  crystalline ;  it  is  then  insoluble  in 
NH4CI. 

5.  HJC4H4O5  and  tartrates  char  on  heating,  and  with  H^SO^ 
the  odor  of  burnt  sugar  is  given  off. 

Reactions  of  Soluble  Salts  of  Citric  Acid. 

Use  a  2'per-cent.  solution  of  potassium  citrate,  KgCeHgO^.  HaO. 

1.  BaClg  produces  a  white  precipitate  of  barium  citrate, 
Ba3(CaH507),,  soluble  in  excess  of  water,  in  ammonium  salts,  or 
in  acids. 

2.  CaClj  precipitates  white  calcium  citrate,  CagCCeHgO^)^, 
when  the  solutions  are  boiled  together.  The  precipitate  is  much 
more  soluble  in  cold  water  ;  it  is  also  soluble  in  cold  NH4CI,  but 
redeposited  upon  boiling.     KOH  docs  not  dissolve  it. 

3*  AgNOg  produces  a  white  precipitate  of  silver  citrate, 
iH^O^  ;  on  boiling  no  metallic  mirror  is  formed. 
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es  not  cause  a  precipitate  unto 
a  important  distmctioa  &om  c 
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4.  CalOH'a.  in  excess,  d 
mixture  is  boiled.     This  is  ; 

5.  H3C,H,0,.HjO   and    citrates   char   oa  heatjog,   and  \ 
HjSO^  give  off  the  odor  of  burnt  sugar. 

Carbolic  Acid,  C,H,0H.  1 

1.  HNOg.  with  an  aqueous  solution  of  the  acid,  forms  a  yellow  cl 

due  to  the  formation  of  picric  acid,  CgHafNOi'igOH.  j 

1.  FcjCl,  produces  a  wiolet-bloe  color.  1 

3-  A  piece  of  pine  wood  dipped  in  the  add  and  then  exposed  td 
fumes  of  HCI  becomes,  after  a  short  time,  colored  blue.  ' 

4-  Bromine  water  causes  a  white  precipitate  of  tribrorophenol,  Ci 
Br,OH.  which,  under  the  microscope,  appears  cnstalline. 

5-  Albumen  or  collodion  is  coagulated  by  carbolic  add. 


h-coiom 


Reactions  of  Benzoic  Acid,  HC,H, 

1.  FejCl,  precipitates  from  neutral  solutions  flesh- 
ric  benzoate,  FejCQH^O, ),,  decomposable  by  HO  with" 
sejjaration  of  HC,,H,Oj. 

3.  HCI  causes  the  separation  of  HC,HbO,  from  cold  solut 
of  the  benzoates. 

3.  BaClg  and  CaCl,  produce  no  precipitates  with  eithw 
free  acid  or  its  salts. 

4.  HC,HjOj  is  soluble  in  petroleum  ether;  the  latter  sol 
removes  the  acid  from  its  aqueous  solution  when  agitated  tk 
with. 

5.  Heated  in  a  test-tube  with  freshly  slaked  hme,  benzoic 
yields  benzol,  CgH,,  recognizable  by  its  odor. 

6.  The  pure  acid  melts  at  121.4°. 

Reactions  of  Salicylic  Acid,  HC,HbOj. 
t.  FejCI,  produces  a  deep  violet  color,  which  is  very  ch^ 
teristic. 

2.  Warmed  with  HgSO^  and  CHjOH,  the  fragrant  oda 
methyl  salicylate,  CH3C,HbO„  is  developed. 

3.  HCl  causes  the  separation  of  HC^HjO,  from  cold  solut 
of  the  salicylates. 

4.  HC,H,Oa  is  insoluble  in  petroleum  ether.     Advantaj 
taken  of  this  fact  to  separate  benzoic  and  salicylic  adds 
mixed. 

5.  The  pure  acid  melts  at  156"  to  157°. 
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Reactions  of  Gallic  Acid,  HQH^Og.HgO. 

1.  FeS04  causes  no  change  in  color. 

2.  FcgClg  produces  a  bluish-black  precipitate,  which  disappears 
on  heating. 

3.  KOH  or  NaOH,  if  not  in  excess,  develops  slowly  a  deep 
green  color,  which  becomes  red  on  the  addition  of  acids.  Al- 
kali carbonates  cause  the  same  green  color,  although  more 
slowly. 

4.  No  precipitate  is  produced  with  either  gelatin  or  the  alka- 
loids. With  the  former,  however,  a  precipitation  takes  place 
when  gum  is  present. 

Reactions  of  Tannic  Acid,  C14H10O9. 

Gallotannic  Acid. 

z.  FeS04,  when  perfectly  pure,  causes  no  change.  In  the 
presence  of  oxygen,  however,  a  dark  color  rapidly  develops  ; 
thfe,  on  standing,  slowly  becomes  a  precipitate. 

2.  Fe^Cle  produces  a  bluish-black  precipitate.  An  excess 
gives  a  green  color  because  of  the  acid  usually  present  in  the 
reagent. 

3.  Fej(NH4)a(S04)4  affords  the  same  color  and  precipitate, 
and,  as  it  contains  no  free  acid,  constitutes  a  better  reagent  than 

FejCle. 

4.  Test  solution  of  iodine  mixed  with  a  small  quantity  of 
ammonium  hydrate,  previously  diluted  with  ten  times  its  volume 
of  water,  produces  a  brilliant  red  color.  This  reaction  will  take 
place  with  only  traces  of  tannic  acid. 

5.  Gelatin  causes  a  white,  flocculent  precipitate.  This  reaction 
is  more  delicate  in  the  presence  of  alum. 

6.  Alkaloids  produce  white  precipitates,  soluble  in  acetic  acid 
and  in  alcohol. 

7.  K(SbO)C4H40g  causes  a  white,  gelatinous  precipitate. 
Most  other  metallic  salts  likewise  give  precipitates. 

Directions  for  the  Detection  of  the  Acids  in  a  Solu- 
tion CONTAINING  SOLUBLE  SaLTS  OF  GrOUP   III. 

As  many  of  the  acids  in  this  group  would  indicate  their  pres- 
ence by  odor  or  physical  appearance,  a  method  of  separating 
only  the  more  important  and  closely  related  ones  will  be  given. 
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The  list  will,  therefore,  be  limited  to  Acetic  Acid,  Oxalic  Acid, 
Tartaric  Acid,  and  Citric  Acid. 

The  solution  should  be  neutral  to  litmus  paper ;  if  acid,  neu- 
tralize with  NaOH,  if  alkaline,  with  HNO3. 

To  a  small  portion  add  an  equal  volume  each  of  strong  H^SO^ 
and  CaHgOH  and  warm.  Acetic  acid  will,  if  present,  be  indi- 
cated by  the  odor  of  acetic  ether. 

Make  another  portion  slightly  alkaline  with  NH^OH,  add 
CaCla,  allow  to  stand  (avoiding  heat)  for  ten  minutes,  and  filter 
(make  sure  the  precipitation  has  been  complete). 


Ppt.  HaCaO^,  HjC^H^Og. 

Wash,  pour  on  the  filter  HCsHsOa. 


Ppt.  HgCaO^. 

Confirm  by  testing  the 
original  solution  with 
HC2H8O2  and  CaCla. 


Filt.  HgC^H^O^. 

Add  NH4OH  until  slightly 
alkaline.  White  ppt.  Con- 
firm by  forming  mirror 
with  AgNOs  in  original 
solution. 


Filt.  HaCeHgO^. 

Boil  to  expel  all  NHi- 
OH.  White  ppt 
slowly  forming  on  the 
sides  of  the  tube  in- 
dicates HsCcHsOt. 


CHAPTER  III. 

THE  DETECTION   OF  BASES   AND   ACIDS. 

Special  Observations. 

The  bases  must  always  be  determined  first  in  a  portion  of  the 
solution  or  powder,  according  to  chart,  page  859. 

Besides  the  substances  mentioned  in  the  precautions  on  page 
858,  certain  acids,  when  present  in  combination,  as,  for  instance, 
benzoic  and  salicylic,  are  also  precipitated  from  their  salts  by 
HCl ;  in  such  cases  it  is  first  necessary  to  evaporate  the  solution 
to  dryness  and  heat  to  redness  before  proceeding  with  the  detec- 
tion of  bases. 

When  phosphates  are  present  in  acid  solution  (determined  by 
adding  a  few  drops  of  the  solution  to  some  NH4NO3  and  (NH4)g- 
M0O4  and  warming),  the  chart  on  page  878  must  be  used  in  the 
analysis  of  the  precipitate  of  Group  IV.,  as,  in  addition  to  Fe, 
Ce,  Al,  Cr,  there  may  be  present  the  phosphates  of  Ca,  Sr,  Ba, 
Mn.  Mg.  The  addition  of  NajHP04  is  to  insure  the  formation 
of  the  phosphates  of  Fe,  Ce,  Al,  Cr.  The  NH^CgHgO,  should 
be  freshly  prepared  by  adding  HCjHjOg  to  NH4OH  until  the 
solution  is  slightly  acid.  The  presence  of  oxalates  would .  like- 
wise necessitate  an  exception  to  the  general  chart  for  the  de- 
tection of  bases  ;  when  present,  therefore,  the  substance  must 
be  heated  to  redness  before  commencing  the  analysis. 

When  the  analysis  of  a  solid  is  to  be  performed,  all  of  its 
physical  properties  should  be  carefully  observed.  The  action  on 
litmus  paper  of  the  portion  soluble  in  water  is  also  to  be  noted, 
and  the  solution  made  neutral  if  necessary. 

If  only  the  alkali  metals  are  present  and  the  reaction  is 
neutral,  proceed  to  search  for  the  acids  according  to  Division 
I.  If  the  reaction  is  acid  or  alkaline,  neutralize  as  directed  in 
Division  II. 

If  other  than  the  alkali  metals  are  present,  and  the  reac- 
tion is  acid,  conduct  the  detection  of  the  acids  according  to 
Division  II. 

When  the  substance  is  not  entirely  dissolved  by  H3O,  HCl, 
or  a  mixture  of  HCl  and  HNO3,  proceed  for  both  bases  and 
acids  according  to  Division  III. 
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CH.\itr    FOR   THE  ANALYSIS   OF   THE    PRECIPITATE  OF   GrOU 

IV.  WHEN  Phosphates  are  Present. 


L''iii8jci\«  :iK  •jr«ctptt;it«  in  HCl,  add  NasHPO*,  then  excess  of  NHaCsH 

boil,  and  filter. 


PtK.  rt.  c^. 

AL 

\^:k>t)  «<th  ?K;C  H:.«<X  th«B 

.K.*ur  viu   tjh;   alter  hoc 

%.»ucvfu  -Ji  moH. 

PtK.  ?>.  C». 

rat. 

\Vaa»»l.     >ila«Soi\tf 

AL 

ti  HO.    r«4 

.\cidilV 

^  jv-rtttHi  »ith 

with 

•0%i  CN  %  vr 

KCH^^ 

r^*:*;  . 

v^V 

*5iu<   »v»t- 

\^^ttt 

V  -*i»rtf 'll     It  ^"Jt* 

ppt 

ItOi  >LkUUOO. 

r.*   ^ivtrKrr  'JOT^ 

•jvir    -t\XJ     rv?- 

v">r\j.*,S.    N  Kv 

Ori    II  i\v>r!*k 

liivi  VksH'AV 

\\*>»t^:   ."v**.    Uvil- 

C^^>  V  ^. 

Pilt.  B«,  Sr,  Ca,  Mn,  Mg,  Cr  (Green,  if  Cr 

be  present). 

Add  KsCrOi,  warm,  and  filter. 


Ppt. 


Y«Uo«. 


Pilt.  Sr,  Ca,  Mn,  Mg. 

Add  very  dilute  H2SO4,  allow  to  stand, 
filter.    An  excess  of  H1SO4  should  ' 
avoided. 


Ppt. 
Sr. 

I  WTiitc. 
'    Con- 
>  fiim  by 
'    flame 
test. 


PUt.  Ca,  Mn,  Mg. 

Add   NHiCsHsOt  and  1NH4 
CsOi,  filter. 


PUL  Mn,  Mg. 

Evaporate  a  oortioo  t>.  - 
dr>'nes5  andtisst 
borax  bead  &)r  Mn  . 
To     the     remainimis 
portion    add   FesC^ 
filter    out    the     Fe-- 
«PO«-;.  to  the  t]Itnt«f 
add  NH^Cl.  NH^t.m  . 
and  NH*H5.  10    nr- 
move  Fe  and  Mn.  al- 
ter, and  test  altrate 
with  NasHP'^*. 

White,  crystalline  ppL 
indicates  M^. 


o(tii»  soliitiQn  Is  DeotnJL 


smi  tbtf 


R  -  -  *:i  '.  —  y^'Op^rMe  <i  ptfrtam  of  the  solution  to  dryness  M 

:!x  :iM»  .'har.  oiw  or  men;  of  the  ibUowtng:  salts  of  or^rmic 
ic<<.is  d.'^  !::c:cu^Ai :  Ac«tirtes«  Lactates^  Saccinates.  II2- 
latcs.  Tartrate:^  Citrates^  Beaxoates«  Salxcyiates.  Gai- 
lates.  Tannates,  Oxalates  do  not  char,  although  if  ±e  h«t- 
::?v:  :  i"<:^  :^.icr  <Icw'v  a  ^jravisii  coloration  mav  be  nodo^i.  Vit 
r^ -.-:->*  :::    u!  :">e<e  curies  gi^'e  odf  iTO,  on   the   adtiinon    'i 

r  :.jC-,.   i  rlx'.i  :o  the  original  solution.  u:sually  lietetts  Ben* 
zoates.  Salicylates,  Gallates*  and  Tanntfes.     \V\x:n  '^r 
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mixed,  the  color  obtained  will  distinguish  the  first  two.  Benzoic 
and  salicylic  acids  are  precipitated  upon  acidifying  the  solution. 
They  may  be  removed  fi*om  their  water  solution  by  shaking  with 
ether,  and  afterwards  separated  by  the  use  of  petroleum  ether ; 
both  the  soluble  and  insoluble  portions  should  then  be  further 
tested  with  the  reagents  given  under  the  reactions  of  these  acids. 
Gallic  and  tannic  acids  give  with  FegClg  precipitates  of  the  same 
color.  Upon  agitating  the  water  solution  with  ether,  gallic  acid 
is  dissolved,  and,  upon  separating  and  evaporating  the  solvent, 
may  be  identified  by  the  usual  reagents  for  that  acid. 

Tannic  acid  differs  from  gallic  acid  by  being  more  soluble  in 
water,  and  by  this  solution  producing  a  precipitate  with  gelatin. 

The  detection  of  the  organic  acids  of  more  common  occur- 
rence is  conducted  according  to  the  chart  on  page  876. 

The  physical  properties  of  the  salts  of  the  other  organic  acids 
will  usually  aid  in  their  recognition  by  the  tests  given  in  the  con- 
sideration of  them. 

Rule  II. — Evaporate  another  portion  to  dryness^  allow  the 
residue  to  cool,  add  a  few  drops  of  strong  HjS04,  warm  gently, 
and  note  ajiy  of  the  following  ejfects  which  may  ensue  from  this 
single  reaction  : 

Effervescence  in  the  cold,  1  Carbonates.    Confirm  in  original  solution 

no  odor f                        by  dilute  acid. 

Effervescence  on  heating,  'i 

odor  of  HjS /  ^"lP*^»aes  •   •  •   1  Confirm     by    adding 

Odor  of  SOa Sulphites  ...     -     acid  to  original  solu- 

Odor  of  SO,  with  separa-  ■>  Thiosulphates  .  J      **«"■ 
tion  of.S j 

Dark-brown  color  and  vio-  |  iodides.    Confirm  by  starch  and  CI  water. 

let  fumes ^ 

Dark-red  color  and  reddish  /  Bromides.    Confirm    by    starch    and   CI 

fumes ^  water. 

A^j  r  TTi-xT  f  Cyanides,  Ferro- or  Ferri-Cyanides.  Con- 
Odor  of  HCN I  ^^  j^  ^^j^^^j  solution. 

Odor  of  HCgHaOa  ....       Acetates.    Confirm  by  acetic  ether  test 

Odor  of  CI Hypochlorites. 

Odor  of  Cla04 Chlorates. 

Strongly   acid   suffocating   |  chlorides.    Confirm  by  AgNO,. 
nimes J 

strongly  acid  fumes,  odor  |  ^.^^^^^^     Confirm  by  other  tests, 
of  Na04 3 

Characteristic  odors    .  .   .    /  Benzoates.  Succinates,  Valerianates,  Car- 

I  bolates,  Hypophosphites. 
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Rule  III. — Acidify  a  third  portion  tviih  HCl  4md  add  BaCl^ 
A  white  precipitate  indicates  Sulphates. 

Rule  IV. — To  a  fourth  portion  add  CaCl,. 

A  white  precipitate  soluble  in  excess  of  HgO  indicates 
phates ;  if  insoluble  in  excess  of  H,0  or  HCgHjOg,  Oxalates  -* 
are  indicated.  A  white  precipitate,  soluble  in  KOH  and  repre-^n^- 
cipitated  upon  boiling,  indicates  Tartrates ;  the  latter  test  shoul<^^  -d 
be  confirmed  by  forming  a  mirror  of  silver  on  the  test-tube.  Z"''*^^ 
white  precipitate,  soluble  in  NH^Q  and  reprecipitated  upon  boil^K^  J- 
ing,  indicates  Citrates. 

For  further  instruction  regarding  the  separation  of  these  acid= 
consult  the  chart  on  page  876. 

When  Sulphates  are  present  it  is  important  to  remove 
before  attempting  the  detection  of  Oxalates,  Tartrates,  ano^  ^d 
Citrates  by  the  use  of  CaCl,.  To  accomplish  this,  treat  th«^  -^e 
solution  with  HCl  and  BaClj,  filter  off  the  BaSO^,  neutralize  th»  -^e 
filtrate  with  NaOH,  and  proceed  according  to  the  chart  on  pag«^ 
876. 

Rule  V. — Acidify  a  fifth  portion  with  HNO,  and  cutd  AgNO 
until  the  precipitation  is  computed. 

Collect  the  precipitate,  wash  it,  and  pour  upon  the  filter  NH^. 
OH.     Acidify  the  filtrate  so  obtained  with  HNO,  ;  a  white  pre 
cipitate  indicates  Chlorides.     When   Cyanides    are    presen*^ 
they  must  be  removed  by  boiling  with  HNO3  before  adding  th^S 
AgN03. 

Rule  VI. — Add  to  a  sixth  portion  of  the  solution  starch  pasl^ 
and  chlorine  water, 

A  blue  color  indicates  Iodides.     Continue  the  addition  of 
chlorine  water  until  the  blue  color  of  starch  iodide  is  discharged^ 
then  shake  with  chloroform.     A  yellowish-red  color  is  imparted 
to  this  solvent  if  Bromides  are  present. 

For  fuller  directions,  see  page  862. 

Rule  VII. — Add  a  feiu  drops  of  the  solution  to  a  relativelj 
large  quantity  of  (NH4)gMo04  and  warm. 

Phosphates  and  Arsenates  produce  yellow  precipitates. 
The  presence  or  absence  of  As  is  always  ascertained  in  the  detec- 
tion of  bases.  When  present,  it  should  be  separated  from  an- 
other portion  of  the  solution  by  HCl  and  H^S  ;  the  filtrate,  afte 
boiling  to  expel  H^S,   is   then    neutralized  with    NH^OH  an 
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'treated  with  magnesia  mixture.     A  white  crystalline  precipitate 
confirms  the  presence  of  Phosphates. 

The  detection  of  Pyrophosphates  and  Metaphosphates 
may  be  conducted  by  the  directions  given  on  page  871. 

Rule  VIII. —  To  an  eighth  portion  apply  the  special  test  with 
HaS04  and  FeSO^  for  Nitrates. 
A  dark  layer  at  the  line  of  contact  reveals  their  presence. 

Rule  IX. — To  some  of  the  dry  salt,  or  to  the  residue  obtained 
by  evaporating  a  portion  of  the  solution  to  dryness,  add  a  few 
drops  of  strong  HjS04  and  75  or  20  drops  of  alcohol,  mix  well^ 
and  apply  flame.  Borates,  if  present,  will  impart  a  green  color 
to  the  flame  of  the  burning  alcohol. 

Chromates,  Manganates,  and  Permanganates,  when 
present,  impart  color  to  the  solution.  The  metals  from  which 
their  acid  radicals  arise  will  be  ascertained  in  the  detection  of 
bases.  The  characters  of  these  salts  have  been  previously  dis- 
cussed under  different  reactions,  which  may  be  employed  to 
more  fully  establish  the  presence  of  their  constituent  acids. 

DIVISION  n.  "When  the  solution  is  acid  to  litmus  paper,  or 
when  the  substance  to  be  analyzed  is  a  solid  which  re- 
quires the  use  of  acid  to  dissolve  it. 

After  determining  the  bases  by  the  chart  on  page  859  {bearing 
in  mind  the  exception  in  regard  to  phosphates^  a  portion  of  the 
material  is  tested  according  to  Rules  land  II,  DIVISION  I. 

A  second  portion  of  the  solution  is  then  to  be  treated  as  follows  r 

■  ~  ■   -  — 

Boil  with  sufficient  solution  of  NanCOs  to  make  the  mixture  alkaline. 


Ppt.  consists  of  the 
carbonates,  hy- 
drates, and  ox- 
ides of  the  bases 
present,  and  is 
disregarded. 


Filt.  contains  the  acids  in  the  form  of  salts.of  Na. 
Divide  into  two  portions. 


To  one  portion  add  HCl 
until  Slightly  acid,  boil 
to  remove  CO2,  neutral- 
ize with  NaOH,  and  test 
according  to  Rules  III, 
IV,  VI,  VIII,  and  IX, 
Division  I. 


To  another  portion  add  HNOs 
until  slightly  acid,  boil  to  re- 
move CO2,  neutralize  with 
NaOH,  and  test  according 
to  Rules  V  and  VII,  and  if 
necessary  III,  IV,  VI,  and 
IX,  Division  I. 


When  heavy  metals  are  present  Rule  I,  Division  I,  is  prefer- 
ably applied  to  the  filtrate  after  boiling  with  NajCOg  ;  the  portioa 
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neutralized  with  HQ  and  NaOH  is  recommended  for  use  in  all 
such  cases.  Rule  II  should  be  invariably  performed  on  the 
original  solution  or  solid.  When  Cu  is  present  it  is  best  to  add, 
along  with  the  Na^CO,,  some  NaOH  to  insure  the  complete  pre- 
cipitation of  that  base. 

Hydrates  and  Oxides. 

When,  in  the  analysis  of  an  inorganic  substance  for  acids, 
negative  results  are  obtained,  the  material  under  consideration 
may  be  either  a  hydrate  or  an  oxide. 

The  hydrates  of  K,  Na,  Li,  Ca,  Sr,  and  Ba  are  soluble  in 
water,  and  yield  solutions  which  change  red  litmus  paper  blue. 
The  hydrates  of  other  metals  are  insoluble  in  water.  These,  as 
also  the  hydrates  of  Ca,  Sr,  and  Ba,  when  heated  in  a  dry  test- 
tube,  give  off  vapor  of  water  which  condenses  on  the  cooler  part 
of  the  tube  ;  it  is  characterized  by  having  no  odor  or  taste,  and 
by  not  changing  the  color  of  litmus  paper. 

Oxides  do  not  yield  water  when  thus  heated.  The  oxides  of 
K,  Na,  Li,  Ca,  Sr,  and  Ba  dissolve  in  water  to  form  hydrates ; 
the  oxides  of  other  metals  are  insoluble  in  water. 

DIVISION  nL    "Wlien  the  subfirtance  is  not  entirely  diasolved 
by  HgO,  HOI,  or  a  mixture  of  HOI  and  HNQs. 

Add  water  and  filter ;  the  filtrate,  if  it  contain  solid  matter 
(determined  by  evaporating  a   small   quantity   to   dryness),  is 
examined  for  bases  by  the  chart  on  page  859,  and  for  acids  by 
Division  I.     The  residue,  after  treatment  with  water,  is  treated 
with  HCl,  or,  if  necessary,  with  a  mixture  of  HCl  and  HNO3. 
Any  bases  that  may  be  dissolved  are  detected  by  the  chart  on 
page  859,  while  the  acids  are  determined  according  to  Division 
II.     The  insoluble  residue  consists  of  one  or  more  of  the  follow- 
ing substances :  Sulphates  of  Ba,  Sr,  Ca,  Pb ;  Chlorides,  Bro- 
mides, and  Iodides  of  Ag,  Pb  ;  certain  Oxides  which  have  been 
highly  heated,  as  Fe^Og,  AljOg,  Cr^Oj,  SnOg  ;  Silica  and  Sili- 
cates ;  Carbon  and  Sulphur  (the  last  two  are  readily  detected  in 
the  preliminary  examination  by  heat).     This  residue  is  mixed 
with  about  four  times  its  weight  of  dry  Na^COj,  and  fused  on  a 
platinum  foil ;  the  mass  is  boiled  with  water,  and  the  soluble  por- 
tion examined  for  acids  according  to  Division  II.     The  portion 
undissolved  by  water  is  treated  with  HCl ;  the  solution  so  ob- 
tained evaporated  to  dryness,  the  residue  dissolved  in  water  with 
the  aid  of  a  little  HCl,  and  examined  for  biiiies  by  the  chart  on 
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page  859.  Special  attention  should  be  given  to  the  notes  pre- 
ceding this  chart.  If,  after  fusing  with  NagCOg,  the  metals  lead 
and  silver  are  present  in  the  residue  insoluble  in  water  and  HCl, 
they  can  best  be  determined  by  dissolving  such  portions  in 
HNO3  and  proceeding  with  the  analysis  as  directed  in  Division 
II.  Many  of  these  insoluble  substances  are  detected  in  a  pre- 
liminary examination  by  the  use  of  the  blowpipe,  as  explained  in 
the  reactions  given  under  the  individual  elements. 

The  Analysis  of  Alloys. 

The  following  general  outline  suffices  for  the  examination  of 
the  more  common  alloys  : 

Pour  over  the  substance  HNO3,  sp.  gr.  1.20,  and  evaporate  to 
dryness  with  a  moderate  heat.  This  treatment  converts  most  of 
the  metals  into  nitrates,  which  are  soluble  in  water  or  very  weak 
HNO3 ;  Sb  and  Sn  are,  however,  changed  to  oxides,  which  are 
insoluble  in  water  or  HNO3,  while  Pt  and  Au  remain  unaltered 
in  the  metallic  state,  and  hence  fail  to  dissolve  in  the  same 
liquids. 

The  residue  obtained  upon  evaporating  to  dryness  is  treated 
with  water  containing  a  small  amount  of  HNO3  to  insure  the 
solution  of  bismuth  ;  the  mixture  is  then  filtered,  and  the  analy- 
sis of  the  filtrate  conducted  according  to  the  chart  on  page  859. 
The  oxides  of  Sb  and  Sn  may  be  separated  from  the  metallic  Pt 
and  Au  by  warming  with  strong  HCl ;  after  filtration  the  Sb 
and  Sn  are  separated  by  the  chart  on  page  847. 

Pt  and  Au  may  be  identified  by  dissolving  in  a  mixture  of  HCl 
and  HNO3,  and  applying  the  tests  given  in  the  chart  on  page 
847. 


SECTION  IL 

QUANTITATIVE    ANALYSIS. 


CHAPTER    I. 

GRAVIMETRIC   PROCESSES. 

In  the  following  short  course  in  gravimetric  operations  a  few 
typical  salts  are  given  for  estimation,  with  the  belief  that  a  thor- 
ough knowledge  of  the  operations  involved  in  these  will  enable 
the  learner  to  carry  out  most  of  the  processes  he  will  be  called 
on  to  perform  in  inorganic  work. 

Before  undertaking  this  section  the  student  should  be  thor- 
oughly familiar  with  the  preceding  qualitative  operations,  and  it 
is  especially  desirable  at  this  point  that  he  should  have  instruc- 
tion from  some  one  familiar  with  the  use  of  analytical  balances 
and  weights.  In  addition,  the  following  rules  should  be  kept 
constantly  in  mind  by  those  using  a  fine  balance  : 

1.  Never  put  any  chemical  substance  direcdy  on  the  pan  of  a 
balance,  but  first  weigh  a  clean,  dry  crucible  or  watch  crystal, 
and  then  weigh  the  substance  m  it. 

2.  Never  put  on  or  take  off  a  weight,  or  anything  else,  from  a 
balance  when  the  beam  is  resting  on  the  knife-edges. 

3.  All  weights  should  be  transferred  in  regular  order,  and  the 
forceps  always  used  instead  of  the  fingers. 

4.  Volatile  acids,  and  all  other  corrosive  substances,  like  chlo- 
rine water,  iodine,  or  solution  of  ammonia,  should  be  weighed 
in  stoppered  weighing- tubes  or  small  test-tubes  with  closely  fit- 
ting corks. 

5.  The  door  of  the  balance  should  be  kept  open  no  longer 
than  is  absolutely  necessary. 

In  addition  to  the  above  rules,  it  may  be  said  that  most  sub- 
stances and  containers,  that  are  heated  previous  to  weighing, 
should  be  cooled  in  a  desiccator. 
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Before  beginning  quantitative  operations  the  student  should 
provide  himself  with  a  note-book,  to  be  used  for  this  purpose 
only,  and  in  which  he  should  keep  a  record  of  all  weighings  in 
a  systematic  manner,  so  they  may  be  referred  to  on  short  notice. 

Precipitation. — When  a  substance  has  been  weighed  it  is 
usually  first  dissolved,  the  solvent  depending  on  the  nature  of  the 
material  under  investigation.  This  is  generally  followed  by  pre- 
cipitation, which  should  be  conducted  in  beaker  glasses,  or,  in  a 
few  cases,  when  an  alkaline  liquid  is  to  be  boiled,  for  instance, 
in  porcelain  evaporating  dishes. 

In  precipitation,  an  excess  of  the  reagent  should  be  avoided, 
except  in  a  few  cases  where  it  is  especially  directed.  The  filtrate 
should  always  be  tested  with  a  few  more  drops  of  the  reagent 
to  determine  that  the  precipitation  has  been  complete. 

Distilled  water  should  be  employed  in  all  quantitative  opera- 
tions. 

Filtration. — Filter  paper  having  a  very  small  ash  should  be 
employed.  That  known  in  commerce  as  Swedish  No.  2  will  be 
found  satisfactory  for  most  purposes. 

Plain  filters  should  always  be  used.  They  are  made  by  folding 
a  circular  piece  of  the  paper  twice,  and  then  opening  so  as  to 
form  a  cone,  which  will  exactly  fit  into  a  60°  funnel,  so  that  the 
liquid  will  pass  out  at  the  point  of  the  cone,  instead  of  escaping 
at  the  sides.  By  this  means  a  precipitate  can  be  more  thor- 
oughly washed,  and  in  a  shorter  time. 

The  filter  should  be  of  such  size  that  it  will  not  project  above 
the  edge  of  the  funnel. 

The  precipitate  should  be  allowed  to  settle  in  the  vessel  after 
it  is  formed.  The  clear,  supernatant 
liquid  is  then  to  be  transferred  to  a  fil- 
ter by  pouring  it  down  a  glass  rod  held 
against  the  lip  of  the  beaker  to  con- 
duct it  into  the  filter  without  loss. 

The  precipitate  is  then  washed  into 
the  filter  with  the  aid  of  a  jet  from  a 
wash-bottle,  and  the  washing  continued 
until,  by  the  appropriate  test,  it  is  found 
to  be  complete.  The  washing,  in  many 
cases,  is  to  be  done  with  hot  water. 

Drying. — The  filter  and  its  contents  ^   .     ^ 

,         ,  .  Desiccator. 

may  be  dried  in  the  funnel,  set  in  a 

warm  place,  or  they  may  be  removed  from  the  funnel,   placed 


Fig.  m. 
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on  a  watch  crystal  or  in  a  cmcibie,  and  dried  in  an  air-bath,  at 
any  suiiahie  temperature- 
Ignition. — This  is  usually  pertbnned  in  a  platinum  or  porcelain 
cnidxAt:,  die  precipitate  In  s<Dme  cases  being  separated  from  the 
niter,  and  the  latter  burned  separatdy  on  the  crucible  lid  ;  then 
placed  in  the  crucible  with  the  precipitate,  and  the  whole  brought 
to  low  or  bright  redness  as  is  required.  It  is  then  allowed  to 
cool  in  a  desiccator  Fig.  iii,  until  nearly  the  temperature  of 
the  balance-room,  when  it  is  ready  for  weighing. 

EXAMPLES  FOR  PRACTICE  BY  GRAVIMETRIC  PROCESSES. 

Barium  Chloride,  BaC1^2H,0. 
Estimation  of  the  Barium, 

About  0.500  gramme  of  the  pure  salt  are  weighed,  and  dis^ 
solved  in  100  cc.  of  water,  in  a  beaker  of  about  200  cc.  capadt)'. 
Dilute  sulphuric  acid  is  added,  drop  by  drop,  as  long  as  any  pre- 
cipitate is  produced,  and  the  mixture  then  boiled.  The  precipi- 
tate is  allowed  to  setde,  the  clear,  supernatant  liquid  poured 
down  a  glass  rod  into  a  filter,  the  precipitate  is  boiled  with  a 
fresh  quantity  of  water,  and,  after  pouring  in  the  clear  liquid, 
transferred  to  the  filter. 

The  small  portions  of  the  precipitate  which  adhere  to  the  sides 
of  the  beaker  are  removed  with  a  glass  rod  having  on  its  end  a 
short  section  of  closely  fitting  rubber  tubing.  The  precipitate  is 
washed  with  hot  water  until  the  washings  cease  to  cause  a  tur- 
bidity with  solution  of  barium  chloride  ;  it  is  then  dried,  ignited, 
and  weighed  as  barium  sulphate,  BaSO^. 

Suppose  we  have  taken  0.475  gramme  of  barium  chloride, 
and  find  0.455  gramme  of  barium  sulphate,  we  have  : 

Molecular  Wt.  Atomic  Wt.  Wt.  of  BaS04  WLofBa 

of  BaS04.  of  Ba.  found.  found. 

232.72  :  136.90  :  :  0.455  :  0.267+ 

Having  determined  the  amount  of  barium  found,  we  make 
another  proportion  in  order  to  calculate  the  percentage  found, 
that  we  may  compare  it  with  the  theoretical  percentage  in  the 
barium  chloride : 

Wt.  of  BaCls.2H20  Wt.  of  Ba  Per  cent,  of  Ba 

taken.  found.  found. 

0.475  I  0.267-f-         :  :       100  :  56.21 


Molecular  Wt. 

Atomic  Wt. 

of  BaClt.2HsO. 

of  Ba. 

243.56            : 

136.90 
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The  theoretical  percentage  of  barium  is  ascertained  as  follows  : 

Per  cent,  of 
Ba. 

:  :  100  :  56.21 

By  substituting  the  atomic  weight  of  the  barium  by  the  molec- 
ular weight  of  the  chlorine  or  of  the  water  in  the  foregoing  pro- 
portion the  percentage  of  either  of  these  constituents  may  be 

computed. 

Ba  =  136.90  =  56.21  per  cent 
Cla  =   70.74  =  29.04 
2HaO  =    35- 92  =  14.75 

243.56      100.00 

Estimation  of  the  Chlorine. 

To  determine  the  percentage  of  this  constituent  of  barium  chlo- 
ride, another  portion  of  the  salt,  about  o.  200  gramme,  is  weighed, 
dissolved  in  100  c.c.  of  water,  and  acidified  with  nitric  acid.  Sil- 
ver nitrate  solution  is  then  added  until,  after  heating  and  stirring, 
no  further  precipitate  is  produced.  The  precipitate  is  allowed 
to  setde,  the  clear  liquid  decanted  on  a  filter,  and  the  precipitate 
then  transferred  and  washed  thoroughly  with  hot  water.  The 
precipitate  and  filter  are  then  dried,  the  precipitate  is  transferred 
to  a  crucible,  and  the  filter  burned  on  the  crucible  lid.  If  an 
appreciable  amount  of  the  precipitate  adheres  to  the  filter,  it  is 
best  to  moisten  the  burned  residue  with  a  drop  or  two  of  nitro- 
hydrochloric  acid,  to  reconvert  any  metallic  silver,  which  may 
have  been  formed,  into  chloride.  The  small  residue  is  then 
transferred  to  the  crucible,  the  lid  put  on,  and  the  whole  heated 
in  an  air-bath  to  130°  until  the  weight  is  constant.  The  whole 
operation  should  be  conducted  as  rapidly  as  possible,  because 
silver  chloride  is  decomposed  by  the  light.  The  weight,  after 
deducting  that  of  crucible,  lid,  and  ash,  is  silver  chloride,  AgCl, 
fi'om  which  the  percentage  of  chlorine  found  may  be  calculated. 

Estimation  of  the  Water, 

Another  portion,  about  i  gramme,  of  the  salt  is  weighed  in 
a  crucible  or  on  a  watch  crystal,  the  salt  and  container  placed 
in  an  air-bath  at  120®,  and  maintained  at  that  temperature  until, 
on  weighing  at  intervals  of  one-half  hour,  no  further  loss  in 
weight  occurs.  The  loss  from  the  original  weight  represents  the 
water. 
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Copper  Sulphate,  CuSO^.sHjO. 

Estimation  of  the  Copper, 

About  0.400  gramme  are  weighed,  dissolved  in  25  to  50  cc.  of 
water  in  a  porcelain  dish,  and  boiled  with  a  slight  excess  of  potas- 
sium hydrate  solution,  until  the  cupric  hydrate,  which  is  first 
formed,  is  converted  into  black  cupric  oxide.  The  precipitate 
is  washed  two  or  three  times  by  boiling  with  fresh  portions  of 
water,  decanting  each  time  ;  it  is  then  transferred  to  the  filter  and 
washed  with  hot  water  until  the  washings  cease  to  change  red 
litmus  paper.  The  precipitate  b  dried,  and  when  possible  sepa- 
rated from  the  filter  ;  the  latter  is  burned  on  the  crucible  lid,  and 
the  residue,  after  burning,  is  moistened  with  a  drop  or  two  of 
nitric  acid,  and  again  heated  to  reconvert  into  oxide  any  metallic 
copper  that  may  have  been  formed  by  the  reducing  action  of  the 
burning  paper.  .This  residue  is  then  transferred  to  the  crucible 
with  the  precipitate,  and  the  whole  ignited  and  weighed.  The 
product  is  cupric  oxide,  CuO. 

Estimation  of  the  Sulphuric  Acid. 

Another  portion  of  the  salt  is  weighed,  dissolved  in  water,  and 
the  sulphuric  acid  precipitated  by  the  addition  of  barium  chloride. 
The  contents  of  the  beaker  are  well  boiled,  and  the  precipitate 
of  barium  sulphate  treated  exactly  as  in  the  estimation  of  Barium. 

Estimatio7i  of  the  Wetter, 

The  five  molecules  of  water  of  crystallization  in  this  salt  are 
given  off  at  a  temperature  of  200°.  The  estimation,  therefore, 
is  best  accomplished  by  heating  a  weighed  quantity  of  the  salt  in 
an  air-bath  at  the  above  temperature  until  no  ftirther  loss  occurs. 

Potassium  Nitrate,  KNO3. 

Estimation  of  the  Potassium. 

A  weighed  quantity  of  the  salt  is  dissolved  in  a  little  water, 
hydrochloric  acid  is  added,  and  the  mixture  is  carefully  e\'apo- 
rated  to  dryness  to  remove  nitric  acid.  The  residue  is  dissolved 
in  a  small  amount  of  water  with  a  few  drops  of  hydrochloric  acid, 
and  solution  of  platinic  chloride  is  added  in  excess.  The  mixture 
is  carefully  evaporated  nearly  to  dryness  over  a  water-bath,  keep- 
ing the  water  in  the  bath  just  below  the  boiling  point  The  resi- 
due is  treated  with  80  per  cent,  alcohol  and  allowed  to  stand 
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some  hours.  The  result  is  a  complete  conversion  of  the  potas- 
sium into  insoluble  potassium  platinic  chloride,  K^PtClg.  Two 
small  filters  are  exactly  balanced  ;  one  is  placed  inside  the  other, 
and  the  precipitate  transferred  to  them.  It  is  washed  repeatedly 
with  80  per  cient.  alcohol.  The  filters  and  contents  are  then 
carefully  dried,  and  finally  heated  in  an  air-bath  to  130°.  In 
weighing  the  precipitate,  the  outer  filter  is  placed  on  the  pan  with 
the  weights. 

Estimation  of  the  Nitric  Acid, 

Potassium  nitrate  is  fused  at  as  low  a  temperature  as  possible 
in  a  platinum  crucible,  and  poured  out  on  a  porcelain  slab  to 
cool. 

Three  grammes  of  finely  powdered  silica  are  heated  in  a  cruci- 
ble, and,  after  cooling,  weighed.  One  gramme  of  the  finely 
powdered  potassium  nitrate  is  mixed  with  the  silica  in  the  cruci- 
ble, and  the  mixture  brought  to  a  low  red  heat  until  the  weight 
is  constant.  The  loss  indicates  the  amount  of  N^Og,  and  from 
this  the  amount  of  NO3  which  was  present  can  be  calculated. 
Sulphates  and  chlorides  are  not  decomposed  at  this  temperature. 

Magnesium  Sulphate,  MgS04.7HjO. 
Estimation  of  the  Magnesium, 

To  a  weighed  quantity  of  the  salt,  dissolved  in  water,  solution 
of  ammonium  chloride  is  added  in  slight  excess,  then  water  of 
ammonia,  until,  after  stirring,  the  mixture  smells  strongly  of  it. 
If  the  ammonia  water  produce  a  precipitate  it  is  evidence  that 
sufficient  ammonium  chloride  has  not  been  added.  When  the 
solution  remains  clear  after  the  addition  of  the  hydrate,  sodium 
phosphate  is  added  in  excess,  the  mixture  is  stirred,  without 
allowing  the  rod  to  touch  the  sides  of  the  beaker,  and  then  set 
aside  for  24  hours  without  warming. 

The  clear,  supernatant  liquid  is  poured  on  a  filter,  and  the 
precipitate  then  transferred  to  the  same,  using  a  little  of  the  clear 
filtrate  to  wash  the  last  portions  on  if  necessary. 

The  precipitate  is  then  washed  with  a  mixture  of  3  parts  water 
and  I  part  ammonia  water,  until  a  few  drops  of  the  washings, 
acidified  with  nitric  acid,  give  no  precipitate  with  silver  nitrate. 

The  precipitate  is  then  dried  and  transferred  to  a  crucible,  the 
filter  burned  separately,  and  the  whole  ignited  strongly  until  the 
weight  is  constant.  The  residue  consists  of  magnesium  pyro- 
phosphate, MgjPjO,. 
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Estimation  of  the  Sulphuric  Acid, 

The  sulphuric  acid  is  estimated  in  aoother  portion  of  the  salt 
by  precipitation  with  barium  chloride  in  the  presence  of  hydro- 
chloric acid.  The  resulting  barium  sulphate  is  collected,  washed, 
dried,  ignited,  and  weighed  as  under  Barium. 

Estimation  of  the  Water. 

The  water  of  crystallization  is  estimated  in  this  salt  by  exposing 
a  weighed  quantity  of  it  in  a  crucible  to  a  low  red  heat  until  the 
weight  becomes  constant. 

Calcium  Carbonate,  CaCO,. 

Estimation  of  the  Calcium. 

A  weighed  quantity  of  the  carbonate  is  dissolved  in  dilute  hy- 
drochloric acid,  ammonium  hydrate  is  added  until  the  liquid  is 
slightly  alkaline,  and  then  ammonium  oxalate  in  slight  excess, 
and  the  whole  set  aside  for  24  hours.  The  clear,  supernatant 
liquid  is  then  decanted  to  a  filter,  the  precipitate  is  washed  once 
or  twice  by  decantation,  an^  then  transferred  to  the  filter  and 
washed  with  several  small  portions  of  water,  allowing  each  por- 
tion to  completely  drain  through  before  adding  more.  The  filter 
and  precipitate  are  then  dried  and  ignited.  A  good  Bunsen 
burner  is  sufficient  to  effect  the  change  into  oxide  provided  the 
heat  is  continued  sufficiently  long.  A  blast  lamp  will  accomplish 
the  result  more  quickly.  The  heat  in  either  case  must  be  con- 
tinued until  no  ftirther  loss  in  weight  occurs.  The  residue  is 
calcium  oxide,  CaO. 

Estimation  of  the  Carbonic  Acid, 

This,  in  some  cases,  is  done  by  ignition,  but  the  method  adapted 
to  nearly  all  cases  is  to  treat  the  carbonate  with  dilute  hydrochlo- 
ric acid  and  estimate  the  loss  as  carbon  dioxide.  Any  one  of  the 
numerous  designs  of  apparatus  offered  by  instrument  makers 
may  be  employed,  but  that  known  as  Schroetter's  is  probably 
the  best. 

Ferrous  Sulphate,  FeS04.7HgO. 

Estimation  of  the  Iron, 

When  iron  is  estimated  gravimetrically  it  is  weighed  in  the 
ferric  state  as  ferric  oxide,  Fe^O,.  For  the  estimation  of  ferrous 
iron  volumetric  processes  are  usunlly  employed. 
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A  weighed  quantity  of  the  salt  is  dissolved  in  water,  a  few 
drops  of  sulphuric  acid  added,  and  the  mixture  heated  to  the 
boiling  point.  Nitric  acid  is  then  dropped  in  until  oxidation  to 
ferric  iron  is  effected,  and  then  water  of  ammonia  is  added  until 
the  solution  smells  strongly  of  it  after  stirring.  The  precipitate 
of  ferric  hydrate  is  allowed  to  settie,  and  the  clear,  supernatant 
liquid  poured  on  a  filter.  More  water  is  added  to  the  precipitate, 
and  the  mixture,  after  stirring  again,  allowed  to  settle  ;  and, 
after  pouring  the  dear  liquid  on  the  filter,  the  precipitate  is  trans- 
ferred to  the  same,  and  washed  thoroughly  with  hot  water  until 
the  washings  cease  to  have  an  alkaline  reaction.  The  filter  and 
precipitate  are  dried,  ignited,  and  weighed,  the  residue  being 
feme  oxide,  FegO,. 

Estimation  of  the  Sulphuric  Acid, 

This  is  effected  in  exactly  the  same  manner  as  described  under 
Cupric  Sulphate. 

Estimation  of  the  Water. 

The  water  of  crystallization  in  this  salt  is  completely  dissipated 
at  300°,  and  may  be  accomplished  by  carefully  heating  it  over  a 
gas  flame  to  a  temperature  a  little  below  redness.  In  case  the 
above  temperature  is  much  exceeded,  however,  decomposition 
of  the  salt  will  take  place  ;  therefore  the  desired  end  may  be 
reached  by  heating  a  weighed  quantity  of  the  salt  in  an  air-bath 
to  115°,  when  all  but  one  molecule  of  water  will  be  driven  off, 
leaving  a  residue  of  FeS04.  HgO.  The  loss  should  be  six-sevenths 
of  the  total  theoretical  amount  of  water  in  the  salt 


CHAPTER   11. 

VOLUMETRIC   PROCB88BS. 

Volumetric  analyds  is  the  process  of  detennining  the  amount 
of  a  substance  by  the  use  of  a  suitable  reagent  in  a  solution  of 
known  strength.     These  reagents  in  solu- 
tion are  known  as  volunutric  soiutwm,  and  *^"'-  "+ 
"are  designated  as  normal  (y)  when  they 
contain  in  i  liter  the  molecular  weight  of 
the  active  reagent,  expressed  in  grammes, 
and  reduced  to  the  valency  corresponding 
to  one  atom  of  replace- 
able    hydrogen    or    its       Fic.  113. 
equivalent."— U.  S.  P. 

Fig.  112. 


A  dfcinomial  solution  C^^-^)  is  one-tenth  the  strength  of  the 
normal  one  ;  and  for  many  operations  solutions  of  this  strength 

are  preferable. 
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The  terms  acidimelry  and  alkaiimelry  are  applied  10  the  pro- 
cesses of  estimating  acids  and  alkalies  respectively  by  neutraliza- 
tion, and,  therefore,  usually  by  the  employment  of  volumetric 
solutions. 

The  apparatus  required  for  volumetric  operations  consists  of  a 


Fig.  1 


liter  Jiask  (Fig.  112I,  a  1000  c.c.  cylinder^  graduated  (Fig.  113), 
2  burettes  of  50  or  100  c.c.  capacity,  graduated  to  ^  c.c, — the 
form  known  as  Geissler's  (Fig.  114)  is  the  most  desirable. — a 
suitable  holder  (Fig.  115)  for  these,  and  a  few  pipettes,  assorted 
sizes,  some  of  which  are  graduated  to  -^  c.c. 
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Decinormal  Oxalic  Acid  Volumetric  Solution. 

Containing  6.28^  grammes,  H,C,04.2H30,  in  i  liter. 

This  solution  is  usually  the  starting  point  in  the  operations  in- 
volving the  estimation  of  acids  and  alkalies.  Oxalic  acid  may  be 
purchased  in  a  pure  state  or  can  be  purified  by  making  a  saturated 
solution  of  the  acid  in  water,  filtering  and  concentrating  to  three- 
fourths  of  its  volume.  The  first  crop  of  crystals  is  rejected  as 
containing  salts,  and  the  second  crop  is  preserved  as  pure.  6.285 
grammes  of  the  pure  acid  are  weighed,  transferred  to  a  liter 
flask,  about  500  c.c.  of  distilled  water  are  added,  and  the  crys- 
tals dissolved.  The  whole  is  brought  to  a  temperature  of  about 
15°,  and  with  distilled  water  of  the  same  temperature  the  solu- 
tion is  brought  to  the  volume  of  i  liter. 

One  cubic  centimeter  of  this  solution  contains  0.006285  gramme 
of  oxalic  acid,  and  is  equivalent  to  the  following  : 

Gmnmc. 

Oxalic  Acid,  H,Ca04.2HsO 0.006285 

Ammonia  Gas,  NH3 0.001701 

Calcium  Hydrate,  CaCOHjj 0.003691 

Potassium  Hydrate,  KOH 0.005599 

Potassium  Permanganate,  KMnO^ 0.0031534 

Sodium  Hydrate,  NaOH 0.003996 

Estimation  of  Potassium  Hydrate, 

The  simplest  estimation  with  the  volumetric  solution  of  oxalic 
acid  is  that  of  potassium  hydrate.  0.500  to  i  gramme  of  the  hy- 
drate is  weighed  in  a  closely  corked,  clean,  dry  test-tube,  rinsed 
out  into  a  beaker  containing  50  to  100  c.c.  of  water,  and  the 
resulting  solution  colored  with  a  few  drops  of  phenolphtalein 
solution.  The  beaker,  with  its  contents,  is  set  under  a  burette 
containing  some  of  the  oxalic  acid  solution.  This  solution  is 
slowly  run  in,  and  the  mixture  constantly  stirred  with  a  glass 
rod  until  the  red  color  just  ceases  to  be  visible.  The  proof  of  this 
is  that  one  drop  of  a  similar  alkali  solution  will  restore  the  red 
color. 

If  0.500  gramme  of  potassium  hydrate  were  used,  and  it  were 
pure,  it  would  be  found  that  89.3  c.c.  of  the  oxalic  solution  had 
been  used,  but  if  we  suppose  that  85  c.c.  were  necessary,  then, 
as  every  cubic  centimeter  of  the  oxalic  acid  solution  is  equal 
to  0.005599  gramme  of  potassium  hydrate,  we  have  85  X 
0.005599  —  0.476,  the  amount  of  potassium  hydrate  found.    The 
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following  proportion  will  then  yield  the  percentage  of  absolute 
potassium  hydrate  in  the  sample  : 

0.500       ;        476       :  :        100       :       95.20  per  cent. 

Decinormal  Potassium  Hydrate  Volumetric  Solution. 
Containing  s '599  g^^^^^^s  o/KOH  in  i  liter. 

As  potassium  hydrate  is  not  obtainable,  except  it  contains  an 
unknown  amount  of  water,  it  is  necessary  to  standardize  its  solu- 
tion. For  this  purpose  about  7.5  grammes  of  the  hydrate  are 
taken,  transferred  to  a  graduated  cylinder,  and  1000  c.c.  of  dis- 
tilled water  added.  100  c.c.  of  decinormal  solution  of  oxalic 
acid  are  placed  in  a  beaker,  a  few  drops  of  phenolphtalein  solu- 
tion added,  and  the  alkaline  solution  added  from  a  burette  until 
the  red  color  of  the  indicator  just  begins  to  appear. 

If  it  has  required  95  c.c.  of  the  potassium  hydrate  solution  to 
neutralize  100  c.c.  of  the  oxalic  acid  solution,  then  it  is  evident 
that  950  C.C.  of  the  former,  when  diluted  to  1000,  would  have 
the  same  strength  as  the  oxalic  acid  solution. 

One  cubic  centimeter  of  this  solution  contains  0.005599  gramme 
of  potassium  hydrate,  and  is  equivalent  to  the  following  : 

Gramme. 

Potassium  Hydrate,  KOH 0.005599 

Sodium  Hydrate,  NaOH 0.003996 

Ammonia  Gas,  NHa 0.001701 

Ammonium  Chloride,  NH4CI 0.005338 

Acetic  Acid,  absolute,  HCjHaOj 0.005986 

Citric  Acid,  H8CeH507.  HjO 0.006983 

Hydrobromic  Acid,  absolute,  HBr 0.008076 

Hydrochloric  Acid,  absolute,  HCl 0.003637 

Hydriodic  Acid,  absolute,  HI 0.012753 

Hypophosphorous  Acid,  HPHa02 0.006588 

Lactic  Acid,  absolute,  HCsHgOs 0.008979 

Nitric  Acid,  absolute,  HNOs 0.006289 

Oxalic  Acid,  crystallized,  HaCa04.2HaO 0.006285 

Phosphoric  Acid,  H3PO4  (to  form  KaHP04;  with 

phenolphtalein) 0.004890 

Phosphoric  Acid,  H3PO4  (to  form  KHaP04  ;  with 

methyl-orange) 0.009780 

Potassium  Dichromate,  KaCra07 0.014689 

Sulphuric  Acid,  absolute,  HaS04 0.004891 

Tartaric  Acid,  crystallized,  HaC4H40e 0.007482 


896  ANALYTICAL  CHEMISTRY. 

Decinormal  Sulphuric  Acid  Volumetric  Solution. 

Containing  4.8^1  grammes  of  Sulphuric  Acid  in  i  liter. 

About  3  c.c.  of  pure,  concentrated  sulphuric  acid  are  poured 
carefully  into  1000  c.c.  of  water,  and  the  mixture  allowed  to  cool. 
100  c.c.  of  decinormal  solution  of  potassium  hydrate  are  placed 
in  a  beaker,  a  few  drops  of  phenolphtalein  solution  are  added, 
and  sufficient  of  the  sulphuric  acid  solution  is  run  in  to  just  de- 
stroy the  color  of  the  indicator.  If  85  c.c.  of  the  acid  have  been 
necessary,  then  850  c.c.  of  the  remainder  of  the  acid  solution 
should  be  diluted  with  water  to  1000  c.c.  Another  trial  should 
be  made  with  the  diluted  solution  to  prove  that  it  is  exactly  the 
strength  of  the  potassium  hydrate  solution. 

One  c.c.  of  Decinormal  Sulphuric  Acid  Solution  contains 
0.004891  gramme  of  H,S04,  and  is  the  equivalent  of: 

Gramme. 

Potassium  Hydrate,  KOH 0.005599 

Combined  alkaloids  of  Nux  Vomica,  assumed  to 
consist  of  equal  parts  of  Strychnine  and  Brucine  .  0.0364 

Decinormal  sulphuric  acid  is  preferable  in  many  cases  to  oxalic 
acid  solution  of  the  same  strength,  and  is  equivalent  to  the  same 
quantities  of  the  substances  given  under  the  latter. 

Decinormal  Iodine  Volumetric  Solution. 
Containing  1 2. 6^ j  grammes  of  Iodine  in  i  liter, 

12.653  grammes  of  pure  iodine  are  weighed  out  in  a  dosed 
test-tube  or  weighing-bottle,  and  transferred  to  a  liter  flask  con- 
taining 18  grammes  of  potassium  iodide  in  200  c.c.  of  water. 
When  soliition  of  the  iodine  has  been  effected,  water  is  added 
until  the  volume  amounts  to  1000  c.c.  This  solution  should  be 
kept  in  well-stopped  containers  in  a  cool  place. 

One  c.c.  of  Decinormal  Iodine  Volumetric  Solution  is  the 
equivalent  of : 

Gramme. 

Iodine 0.012653 

Arsenic  Trioxide,  AsjOs 0.004942 

Potassium  Sulphite,  crystallized,  KSSO8.2H2O  .   .  0.009692 

Sodium  Bisulphite,  NaHSOg        0.005193 

Sodium    Hyposulphite    (Thiosulphate),    crystals, 

NaaSaOg.sHaO 0.024764 

Sodium  Sulphite,  cr\'stallized,  NagSOg-yHaO  .   .   .  0.012579 

Sulphur  Dit)xide,  SOa 0.003195 

Antimony    and     Potassium     Tartrate,     crystals, 

2KiSI)())C4H40fl.HaO 0.016560 
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Decinormal  Sodium  Hyposulphite  Volumetric  Solution. 
Containing  24.^64  grammes  of  Sodium  Thiosulphate  in  i  liter. 

32  grammes  of  the  crystallized  salt  are  dissolved  in  1000 
c.c.  of  water.  100  c.c.  of  the  decinormal  iodine  solution  are 
placed  in  a  beaker,  and  the  thiosulphate  solution  run  in  from  a 
burette  until  the  color  of  the  iodine  nearly  disappears  ;  a  few 
drops  of  starch  solution  are  then  added,  and  then  more  of  the 
thiosulphate,  until  the  blue  color  is  discharged. 

The  number  of  cubic  centimeters  of  thiosulphate  solution  mul- 
tiplied by  10  are  diluted  to  1000  c.c.  Another  trial  should  be 
made  with  the  diluted  solution  to  prove  that  it  is  of  the  same 
strength  as  the  iodine  solution. 

The  substances  estimated  by  this  solution  either  contain  free 
iodine,  or  develop  it  on  the  addition  of  potassium  iodide,  so  that 
starch  solution  is  used  as  an  indicator. 

One  c.c.  of  Dednormal  Sodium  Hyposulphite  Solution  is  the 
equivalent  of: 

Gramme. 

Sodium  Hyposulphite,  Na9S208.5H20 0.024764 

Bromine,  Br 0.007976 

Chlorine,  CI 0-003537 

Iodine,  I -, 0.012653 

Iron,  Fe,  in  ferric  salts 0.005588 

Decinormal  Potassium  Dichromate  Volumetric  Solution. 
Containing  4,8^6  grammes  of  Potassium  Dichromate  in  i  liter. 

This  solution  is  made  by  dissolving  4.896  grammes  of  the  pure 
salt  in  about  500  c.c  of  water  in  a  liter  flask,  and  then  bringing  the 
volume  to  1000  c.c.  When  made  of  this  strength,  the  solution 
is  the  equivalent  of  equal  volumes  of  decinormal  potassium  per- 
manganate solution,  or,  in  the  case  of  iodine  liberated  from  po- 
tassium iodide,  it  is  the  equivalent  of  equal  volumes  of  decinormal 
sodium  hyposulphite  solution. 

In  order  to  estimate  iron  in  the  ferrous  state  with  this  solution, 
the  solution  of  the  iron  salt  is  acidified  with  sulphuric  acid,  and 
the  dichromate  solution  run  into  it  carefully,  withdrawing  a  drop 
occasionally,  and  testing  on  a  white  porcelain  surface  with  solu- 
tion of  potassium  ferricyanide,  until  a  green  and  not  a  blue  color 
is  obtained. 

57 
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One  C.C.  of  Decinormal  Potassium  Dichromate  Solution  is  the 
equivalent  of: 

Gramme. 

Potassium  Dichromate,  KgCr207 0.0048963 

Iron,  in  ferrous  compounds 0.0055880 

Ferrous  Sulphate,  anhydrous,  FeS04 0.015 1700 

Ferrous  Sulphate,  crystallized,  FeS04.7HaO.   .   .  0.0277420 

Ferrous  Sulphate,  dried,  2FeS04.3HsO 0.0178640 

Decinormal  Potassium  Permanganate  Volumetric 

Solution. 

Containing  3^1534  grammes  of  Potassium  Permanganate  in  i 

liter. 

This  solution  is  prepared  by  standardizing  it  with  decinormal 
solution  of  oxalic  acid.  For  this  purpose  3.5  grammes  of  the 
pure,  crystallized  permanganate  are  dissolved  in  1000  c.c.  of 
recently  boiled  and  cooled  distilled  water.  10  c.c.  of  the  deci- 
normal oxalic  acid  solution  are  placed  in  a  beaker,  i  c.c.  of  con- 
centrated sulphuric  acid  added,  and  the  solution  of  perman- 
ganate carefully  added  until  a  drop  ceases  to  be  decolorized  after 
stirring,  but  imparts  a  pinkish  tinge  to  the  liquid.  The  number 
of  c.c.  of  the  permanganate  solution  used  is  multiplied  by  100, 
and  that  number  of  c.c.  of  the  liquid  diluted  to  1000  c.c.  A 
trial  should  then  be  made  to  ascertain  that  50  c.c.  of  the  oxalic 
acid  solution  will  destroy  the  color  of  exactly  50  c.c.  of  the  per- 
manganate solution. 

This  solution  is  liable  to  deteriorate  on  exposure  or  standing, 
and  should  be  standardized  with  oxalic  acid  every  few  days. 

The  strength  of  the  potassium  permanganate  solution  is  based 
on  the  weight  of  two  molecules  of  the  salt,  315.34. 

With  oxalic  acid  2KMn04  give  off  5  atoms  of  oxygen  to  con- 
vert 5  molecules  of  the  acid  into  water  and  carbon  dioxide,  as 
follows  : 

2KMn04  +  5HaCa04  +  3HaS04  =  K^O*  +  aMnSO*  +  loCO,  -r 

-SHjO. 

Three  molecules  of  sulphuric  acid  are  required  to  convert  the 
potassium  and  manganese  into  sulphates. 

With  ferrous  sulphate  5  atoms  of  oxygen  are  required  to 
convert  loFeSO^.yHaO  into  sFejCSO^^a  with  the  aid  of  SH^SO^. 

as  follows  : 

10FCSO4     4      2KMn04    -}-    8HaS04    =    KjSO*    4-    aMnSO^    + 

5FeafS04^3    -f    8HaO- 
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With  hydrogen  dioxide  the  reaction  is  as  follows  : 

aKMnO^    +    sHjO,    +    sHjSO^    =    KjSO^    +    aMnSO^    + 

SHjO    -f    loO. 

One  C.C.  of  Decinormal  Potassium  Permanganate  Solution  is 
the  equivalent  of : 

Gramme. 

Potassium  Permanganate,  KMnOf 0.0031534 

Barium  Dioxide,  BaOg 0.008441 

Iron,  in  ferrous  compounds,  Fe 0.005588 

Ferrous  Carbonate,  FeCOa 0.0 1 1573 

Ferrous  Sulphate,  anhydrous,  FeS04 0.015 170 

Ferrous  Sulphate,  crystals,  FeS04.7H20 0.027742 

Ferrous  Sulphate,  dried,  2FeS04.3H20 0.017864 

Hydrogen  Dioxide,  H^Os 0.001696 

Hypophosphorous  Acid,  HPHaOs 0.001647 

Oxalic  Acid,  crystallized,  HsCs04. 2 HgO 0.006285 

Oxygen,  O 0.000798 

Decinormal  Silver  Nitrate  Volumetric  Solution. 

Containing  id.gsS  grammes  of  Silver  Nitrate  in  i  liter. 

This  solution  is  prepared  by  dissolving  16.955  grammes  of 
.  pure  silver  nitrate  in  sufficient  water  to  make,  at  or  near  15*^, 
exactly  1000  c.c.  The  solution  should  be  preserved  in  small, 
glass-stoppered  vials,  and  light  excluded. 

The  usual  method  of  estimation  with  this  solution  is  to  add  a 
few  drops  of  potassium  chromate  solution  to  the  solution  of  the 
salt  under  examination.  On  running  in  the  silver  nitrate  solu- 
tion from  a  burette,  the  first  appearance  of  a  permanent  red- 
dish precipitate  of  silver  chromate  is  an  indication  of  the  end 
of  the  reaction.  The  use  of  an  indicator  may  be  dispensed 
with  if  sufficient  care  is  exercised  to  detect  when  a  precipitate 
ceases  to  form.  This  result  is  attained  by  allowing  the  precipi- 
tate to  subside  after  each  addition  of  a  small  quantity  of  the 
volumetric  solution.  Rapid  stirring  or  agitation  will  aid  in 
the  separation  of  the  precipitate,  and  in  some  cases  it  is  also 
necessary  to  apply  heat. 

In  the  case  of  ferrous  iodide,  the  addition  of  potassium  chro- 
mate solution  is  inadmissible.  With  potassium  cyanide  or  hydro- 
cyanic acid  the  volumetric  solution  may  be  added,  without  the 
use  of  an  indicator,  until  the  formation  of  a  permanent  precipitate 
b  observed  ;  in  which  case  just  one-half  the  number  of  c.c.  will 
be  required  as  when  the  indicator  is  employed. 
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One  C.C.  of  Dednormal  Silver  Nitrate  Solution  is  the  equiva- 
lent of: 

Gramme. 

Silver  Nitrate,  AgNOs 0.016955 

Ammonium  Bromide,  NH4Br 0.009777 

Ammonium  Chloride,  NH4CI 0.005338 

Ferrous  Bromide,  FeBr^ 0.010770 

Ferrous  Iodide,  Felj 0.015447 

Hydroc>'anic  Acid,  absolute,  HCN,  with  indicator  .  0.002698 
Hydrocy'anic  Acid,  absolute,  HCN,  to  first  forma- 
tion of  precipitate 0.005396 

Hydriodic  Acid,  HI 0.012753 

Hydrobromic  Acid,  HBr 0.008076 

Potassium  Bromide,  KBr 0.011879 

Potassium  Iodide,  KI 0.016556 

Sodium  Chloride,  NaCl 0.005837 

■ 

Alkaline  Cupric  Tartrate  Volumetric  Solution. 

Fehling's  Solution. 

The  directions  as  laid  down  in  the  U.  S.  Pharmacopceia  are  the 
best  to  follow  in  the  preparation  of  this  solution*  They  are  as 
follows  : 

*  *  A .  The  Copper  Solution,  — Dissolve  34. 640  grammes  of  care- 
fully selected,  small  crystals  of  pure  cupric  sulphate,  showing  no 
trace  of  efflorescence  or  of  adhering  moisture,  in  a  sufficient 
quantity  of  water  to  make  the  solution  measure,  at  or  near  15®, 
exactly  500  c.c. 

**  Keep  this  solution  in  small,  well-stoppered  bottles. 

**  B.  The  Rochelle  Salt  Solution, — Dissolve  173  grammes  of 
potassium  and  sodium  tartrate  and  125  grammes  of  potassium 
hydrate  in  a  sufficient  quantity  of  water  to  make  the  solution 
measure,  at  or  near  15®,  exactly  500  c.c. 

*  *  Keep  the  solution  in  small,  rubber-stoppered  bottles. 

* '  For  use,  mix  exacdy  equal  volumes  of  the  two  solutions  at 
the  time  required. 

**  One  c.c.  of  the  mixed  solution  is  the  equivalent  of: 

Gramme. 
Cupric  Sulphate,  crystallized,  CUSO4.5H2O  ....  0.03464 

Cupric  Tartrate,  CuC4H40fl.3HaO 0.03685 

Glucose,  anhydrous,  CeHxaOj 0.00500" 

Fehling's  solution  is  used  in  estimating  glucose,  by  taking  a 
solution  of  the  latter  in  a  burette  and  running  it  into  a  definite 
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quantity  of  Fehling's  solution,  say  10  c.c,  mixed  with  an  equal 
volume  of  water,  and  heated  to  boiling  in  a  porcelain  capsule. 
The  end  of  the  reaction  is  known  by  the  disappearance  of  the 
blue  color. 

Decinormal  Mercuric  Potassium  Iodide  Volumetric 

Solution. 

Mayer's  Solution. 

Containing  jp.200  grammes  of  Mercuric  Potassium  Iodide  in  i 

liter, 

Mayer's  solution  is  made  by  dissolving  13.546  grammes  of  pure 
mercuric  chloride  in  600  c.c.  of  water,  and  49.8  grammes  of  pure 
potassium  iodide  in  100  c.c.  of  water.  The  two  solutions  are  then 
mixed,  and  sufficient  water  is  added  to  bring  the  volume  to  ex- 
acdy  1000  c.c. 

This  solution  is  used  in  estimating  a  number  of  the  alkaloids, 
as  follows  :  A  dilute  solution  of  the  alkaloid  is  distinctly  acidified, 
placed  in  a  beaker,  and  the  volumetric  Mayer's  solution  run  in 
from  a  burette  so  long  as  a  distinct  precipitate  is  produced.  The 
end  of  the  reaction  is  determined  by  running  a  few  drops  of  the 
mixture  through  a  small  filter,  and  a  drop  of  the  clear  filtrate  is 
brought  on  a  piece  of  glass,  on  a  black  surface,  with  a  drop  of 
the  reagent,  when  any  cloudiness  can  be  noted.  Before  the  end 
of  the  reaction  is  finally  reached  all  the  portions  taken  out  must 
be  washed  back  into  the  beaker.  The  end  of  the  reaction  is 
known  when  the  reagent  produces  no  further  precipitate,  and  yet 
is  not  in  excess.  The  solution  of  the  alkaloid  must  not  contain 
much  alcohol,  and  must  not  be  acid  with  acetic  acid.  The  com- 
pounds formed  by  Mayer's  reagent  with  the  different  alkaloids 
vary  somewhat.  Some  have  the  composition  BHI.Hglj,  for  ex- 
ample, strychnine  ;  the  compound  with  morphine  is  a  mixture  of 
B(HI)^.(HgIa)3  and  B(HI)e.(HgIa)3 ;  while  with  quinine  it  is 
not  far  from  the  composition  Ba(HI)3.(HgIj)3  (B  represents  the 
base,  strychnine,  morphine,  or  quinine).  The  amount  of  alkaloid 
present  cannot  be  calculated  from  the  formula,  but  has  been 
determined  experimentally  for  each  one.* 

At  the  present  time  the  following  equivalents  are  taken  as  the 
best  that  are  known  : 

*  A  full  discussion  of  the  compounds  of  this  reagent  with  the  alkaloids  may 
be  found  in  Prescott's  "  Manual  of  Organic  Analysis." 
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One  cc  of  the  Decinormal  Mercuric  Potassium  Iodide  Soludoo 
is  the  equi\'alent  of : 

Gramme 

Mercuric  Potassium  Iodide,  Hgl^-sKI 0.0393 

Aconitine 0.0269 

Atropine  in  5-per-oent  solution 0.0097 

Hyoscyamine 0.0069S 

Coniine 0.0125 

Nicotine 0.00405 

Emetine 0.0189 

Strychnine 0.0167 

Brucine 0.0197 

Morphine o.oao 

Narcodne 0.0213 

Veratrine 0.0296 

Ph>'sostigmine 0.01375 

Berberine 0.0425 

Quinine 0.0108 

Quinidine o.oiao 

Cinchonine •••••••• 0.0x02 


SECTION   III. 

PHARMACEUTICAL    ASSAYING. 


CHAPTER   I. 

ORGANIC  DRUGS. 


The  processes  for  the  assay  of  a  few  of  the  most  important 
drugs  are  given  here  in  the  belief  that  in  them  will  be  found  all 
that  is  usually  required  by  the  pharmacist,  and  that  where  an 
assay  is  required  of  a  new  drug  some  one  of  these  processes  may 
be  applicable  to  it. 

Apparatus. — Such  apparatus  as  has  already  been  described 
in  this  work  under  gravimetric  and  volumetric  operations  is  suf- 
ficient, except  that  occasionally  an  apparatus  for  continuous  ex- 
traction will  be  found  useful.  One  can  choose  any  of  the  various 
forms  of  extraction  apparatus  offered  by  dealers,  or  he  can  readily 
construct  one  for  himself  if  an  upright  condenser  is  at  hand. 
For  hot  extraction  the  Soxhlet  tube  is  about  as  satisfactory  as 
any. 

Solvents. — Ether,  alcohol,  and  chloroform  are  the  solvents 
usually  employed ;  occasionally  carbon  disulphide,  petroleum 
ether,  and  benzene  will  be  found  useful  adjuncts  to  these.  A 
mixture  known  as  Prollius'  fluids  and  composed  of  32.5  c.c.  of 
ether,  2.5  c.c.  of  alcohol,  and  i  c.c.  of  stronger  ammonia  water,  is 
useful  in  extracting  a  number  of  drugs,  and  especially  in  the 
treatment  of  those  whose  composition  is  unknown. 

General  Process  of  Alkaloidal  Assay. — With  many  drugs 
extraction  of  the  active  principle  may  be  effected  by  the  macera- 
tion of  10  grammes  of  the  substance  in  fine  powder  with  100  c.c. 
of  Prollius'  fluid  for  24  hours ;  50  c.c.  of  the  clear  liquid  are 
then  withdrawn  and  evaporated  until  the  ether  is  removed.  The 
residual  liquid  is  treated  with  0.5  c.c.  of  dilute  sulphuric  acid  and 
10  c.c.  of  water  and  filtered  into  a  separating  funnel,  the  undis- 
solved resinous  substance  and  the  filter  being  washed  with  about 
5  c.c.  more  of  water.     The  liquid  in  the  separator  is  agitated  with 
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extracts  from  alkaline  solution  cinchonine^  quinine^  papaverine^ 
narceifie^  and  small  quantities  of  morphine. 

Assay  of  Opium. 

{^According  to  the  U.  S.  Phannacopcna  of  i8go,) 

Opium,  in  any  condition  to  be  valued,  t^n  grammes  .   .   .   .    lo    gm. 

Ammonia  Water,  three  and  five-tenths  cubic  centimeters  .   .     3.5  c.c. 

Alcohol, 

Ether, 

Water,  each,  a  sufficient  quantity. 

Introduce  the  Opium  (which,  if  fresh,  should  be  in  very  small  pieces, 
and  if  dry,  in  very  fine  powder;  into  a  bottle  having  a  capacity  of  about 
300  c.c,  add  100  c.c.  of  water,  cork  it  well,  and  agitate  frequently  during 
twelve  hours.  Then  pour  the  whole  as  evenly  as  possible  upon  a  wetted 
filter  having  a  diameter  of  12  cm.,  and,  when  the  liquid  has  drained  off, 
wash  the  residue  with  water,  carefully  dropped  upon  the  edges  of  the 
filter  and  the  contents,  until  150  c.c.  of  filtrate  are  obtained. 

Then  carefully  transfer  the  moist  Opium  back  to  the  bottle  by  means 
of  a  spatula,  add  50  c.c.  of  water,  agitate  thoroughly  and  repeatedly 
during  fifteen  minutes,  and  return  the  whole  to  the  filter. 

When  the  liquid  has  drained  off,  wash  the  residue,  as  before,  until  the 
second  filtrate  measures  150  c.c,  and  finally  collect  about  20  c.c.  more  of  a 
third  filtrate.  Evaporate  in  a  tared  capsule,  first,  the  second  filtrate  ta  a 
small  volume,  then  add  the  first  filtrate,  rinsing  the  vessel  with  the  third 
filtrate,  and  continue  the  evaporation  until  the  residue  weighs  14  gm. 
Rotate  the  concentrated  solution  about  in  the  capsule  until  the  rings  of 
extract  are  redissolved,  pour  the  liquid  into  a  tared  Erlenmeyer  flask 
having  a  capacity  of  about  100  c.c,  and  rinse  the  capsule  with  a  few 
drops  of  water  at  a  time,  until  the  entire  solution  weighs  20  gm.  Then 
add  10  gm.  (or  12.2  c.c)  of  alcohol,  shake  well,  add  25  c.c.  of  ether,  and 
shake  again.  Now  add  the  ammonia  water  from  a  graduated  pipette  or 
burette,  stopper  the  flask  with  a  sound  cork,  shake  it  thoroughly  during 
ten  minutes,  and  then  set  it  aside,  in  a  moderately  cool  place,  for  at  least 
six  hours,  or  overnight. 

Remove  the  stopper  carefully,  and,  should  any  cr>'stals  adhere  to  it, 
brush  them  into  the  flask.  Place  in  a  small  funnel  two  rapidly-acting 
filters,  of  a  diameter  of  7  cm.,  plainly  folded,  one  within  the  other  (the 
triple  fold  of  the  inner  filter  being  laid  against  the  single  side  of  the  outer 
filter),  wet  them  well  with  ether,  and  decant  the  ethereal  solution  as  com- 
pletely as  possible  upon  the  inner  filter.  Add  10  c.c  of  ether  to  the 
contents  of  the  flask,  rotate  it,  and  again  decant  the  ethereal  layer  upon 
the  inner  filter.  Repeat  this  operation  with  another  portion  of  10  c.c  of 
ether.  Then  pour  into  the  filter  the  liquid  in  the  flask,  in  portions,  in 
such  a  way  as  to  transfer  the  greater  portion  of  the  crystals  to  the  filter, 
and,  when  this  has  passed  through,  transfer  the  remaining  cr>'stals  to  the 
filter  by  washing  the  flask  with  several  portions  of  water,  using  not  more 
than  about  10  cc  in  all.  Allow  the  double  filter  to  drain,  then  apply 
water  to  the  crystals,  drop  by  drop,  until  they  are  practically  free  from 
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mother- water,  and  afterwards  wash  them,  drop  by  drop,  from  a  pipette, 
with  alcohol  previously  saturated  with  powdered  morphine. 

When  this  has  passed  through,  displace  the  remaining  alcohol  by  ether, 
using  about  lo  c.c,  or  more  if  necessary.  Allow  the  filter  to  dry  in  a 
moderately  warm  place,  at  a  temperature  not  exceeding  60®  C.  (140®  F.j, 
until  its  weight  remains  constant,  then  carefully  transfer  the  crystals  to  a 
tared  watch-glass  and  weigh  them. 

The  weight  found  in  grammes,  multiplied  by  10,  represents  the  per- 
centage of  crystallized  morphine  obtained  from  the  Opium. 

Assay  of  Opium. 

{According  to  the  U.  S.  Phamuuopona  of  1880,) 

Opium,  in  any  condition  to  be  valued 7  grammes. 

Lime,  freshly  slaked 3  grammes. 

Chloride  of  Ammonium ...S  grammes. 

Alcohol, 

Stronger  Ether, 

Distilled  Water,  each,  a  sufficient  quantity. 

Triturate  together  the  Opium,  Lime,  and  20  c.c.  of  Distilled  Water,  in 
a  mortar,  until  a  uniform  mixture  results ;  then  add  50  c.c.  of  Distilled 
Water,  and  stir  occasionally,  during  half  an  hour.  Filter  the  mixture 
through  a  plaited  filter,  three  to  three  and  one-half  inches  (75  to  90  mm.) 
in  diameter,  into  a  wide^mouthed  bottle  or  stoppered  flask  (having  the 
capacity  of  about  120  c.c.  and  marked  at  exactly  50  c.c),  until  the  filtrate 
reaches  this  mark. 

To  the  filtered  liquid  (representing  5  grammes  of  opium)  add  5  c.c.  of 
Alcohol  and  25  c.c.  of  Stronger  Ether,  and  shake  the  mixture ;  then  add 
the  Chloride  of  Ammonium,  shake  well  and  frequently  during  half  an 
hour,  and  set  it  aside  for  twelve  hours. 

Counterbalance  two  small  filters,  place  one  within  the  other  in  a  small 
funnel,  and  decant  the  ethereal  layer  as  completely  as  practicable  upon 
the  filter.  Add  10  c.c.  of  Stronger  Ether  to  the  contents  of  the  bottle 
and  rotate  it ;  again  decant  the  ethereal  layer  upon  the  filter,  and  after- 
wards wash  the  latter  with  5  c.c.  of  Stronger  Ether,  added  slowly  and  in 
portions.  Now  let  the  filter  dry  in  the  air,  and  pour  upon  it  the  liquid  in 
the  bottle,  in  portions,  in  such  a  way  as  to  transfer  the  greater  portion  of 
the  cr>'stals  to  the  filter.  Wash  the  bottle,  and  transfer  the  remaining 
cr>stals  to  the  filter,  with  several  small  portions  of  Distilled  Water,  using 
not  much  more  than  10  c.c.  in  all,  and  distributing  the  portions  evenly 
upon  the  filter.  Allow  the  filter  to  drain,  and  dry  it,  first  by  pressing  it 
between  sheets  of  bibulous  paper,  and  afterwards  at  a  temperature  be- 
tween 55°  and  60°  C.  (131°  to  140°  F.).  Weigh  the  crystals  in  the  inner 
filter,  counterbalancing  by  the  outer  filter.  The  weight  of  the  cr>'stals  in 
grammes,  multiplied  by  twenty,  equals  the  percentage  of  morphine  in 
the  Opium  taken. 
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Assay  of  Tincture  of  Opium. 

^{According  to  the  U.S,  Pharmacopceia  of  iSgo.) 

Tincture  of  Opium,  one  hundred  cubic  centimeters  ....    100     c.c 

Ammonia  Water,  ihree  and  Jive-tenths  cubic  centimeters  .       3.5  cc 

Alcohol, 

Ether, 

Water,  each,  a  sufficient  quantity. 

Evaporate  the  Tincture  to  about  20  c.c,  add  40  cc.  of  water,  mix 
thoroughly,  and  set  the  liquid  aside  for  an  hour,  occasionally  stirring, 
and  disintegrating  the  resinous  flakes  adhering  to  the  capsule.  Then 
filter,  and  wash  the  filter  and  residue  with  water,  until  all  soluble  matters 
are  extracted,  collecting  the  washings  separately.  Evaporate  in  a  tared 
capsule,  first,  the  washings  to  a  small  volume,  then  add  the  first  filtrate, 
and  evaporate  the  whole  to  a  weight  of  14  gm.  From  this  point  proceed 
as  directed  in  the  case  of  the  residue  of  the  same  weight  in  the  Assay  of 
Opium. 

When  Tincture  of  Deodorized  Opium  is  to  be  assayed,  the  foregoing 
process  and  quantities  are  to  be  used. 

When  Vinegar  of  Opium  is  to  be  assayed,  proceed  as  follows  :  Render 
100  c.c.  of  the  sample  alkaline  with  ammonia  water,  add  2  c.c.  of  ether, 
shake  vigorously  for  10  minutes,  and  set  aside  for  6  hours  or  overnight 
Collect  the  alkaloids  upon  a  filter  previously  wetted  with  water,  and  wash 
them  with  a  small  quantity  of  water.  Transfer  the  still  moist  precipitate 
to  a  small  capsule,  add  10  c.c.  of  5-per-cent.  sulphuric  acid,  or  enough  to 
impart  acidity,  warm  on  the  water-batji,  cool,  allow  to  stand  for  an  hour 
or  more,  filter,  and  wash  the  filter  and  residue  well  with  water.  Mix  the 
filtrate  and  washings,  add  10  gm.  of  alcohol,  shake,  add  25  c.c.  of  ether, 
shake  again,  and,  commencing  with  the  addition  of  ammonia  water  until 
the  solution  is  alkaline,  follow  the  directions  from  a  corresponding  point 
given  in  the  assay  of  opium. 

Assay  of  Cinchona. 

{According  to  the  U,  S.  Pharmacopana  of  /8go,) 

I. — For  Total  Alkaloids. 

Cinchona,  in  No.  80  (or  finer)  powder,  and  completely  dried 

?X  100°  C  {212°  F.),  twenty  grammes     20  gm. 

Alcohol, 

Ammonia  Water, 

Chloroform, 

Ether, 

Normal  Sulphuric  Acid  V.  S., 

Normal  Potassium  Hydrate  V.  S.,  each,  a  sufficient  quantity. 

To  20  gm.  of  Cinchona,  in  very  fine  powder,  and  contained  in  a  bottle 
provided  with  an  accurately  ground  glass  stopper,  add  200  c.c.  of  a  pre- 
viously prepared  mixture  of  19  volumes  of  alcohol,  5  volumes  of  chloro- 
form, and  I  volume  of  ammonia  water,  stopper  the  bottle  and  shake  it 
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thoroughly  and  frequently  during  four  hours.  Then  separate  the  liquid 
by  pouring  it  into  another  bottle  through  a  funnel  containing  a  pellet  of 
cotton,  in  such  a  manner  that  no  material  loss  by  evaporation  may  result 

Transfer  loo  c.c.  of  the  clear  filtrate  (representing  lo  gm.  of  Cinchona) 
to  a  beaker,  and  evaporate  it  to  dryness. 

Dissolve  the  residue  of  crude  alkaloids  thus  obtained  in  lo  c.c.  of  water 
and  4  c.c.  of  normal  sulphuric  acid  V.  S.,  with  the  aid  of  a  gentle  heat, 
filter  the  cooled  solution  into  a  separatory  funnel,  and  wash  the  beaker 
and  filter  until  the  filtrate  no  longer  has  an  acid  reaction,  using  as  small 
a  quantity  of  water  as  possible. 

Now  add  5  c.c.  of  normal  potassium  hydrate  V.  S.,  or  such  an  amount 

as  will  render  the  liquid  decidedly  alkaline,  and  extract  the  alkaloids  by 

shaking  the  mixture,  first  with  20  c.c,  and  then  repeatedly  with  10  c.c, 

of  chloroform,  until  a  drop  of  the  last  chloroform  extraction,  when  e\'ap- 

orated  on  a  watch-glass,  no  longer  leaves  a  residue.      Evaporate  the 

united  chloroformic  extracts  in  a  tared  beaker,  dry  the  residue  at  loo** 

C.  (212°  F.),  and  weigh.    The  weight  found  in  grammes,  multiplied  by 

ten  (10),  will  give  the  percentage  of  total  alkaloids  in  the  specimen  of 

Cinchona  tested. 

II. — For  Quinine. 

Transfer  50  c.c.  of  the  clear  filtrate  remaining  over  from  the  preceding 
process  (and  representing  5  gm.  of  Cinchona)  to  a  beaker,  evaporate  it 
to  dryness,  and  proceed  as  directed  in  the  assay  for  total  alkaloids,  using, 
however,  only  one-half  the  amounts  of  volumetric  acid  and  alkali  there 
directed.  Add  the  united  chloroformic  extracts  containing  the  alkaloids 
in  solution,  gradually,  and  in  small  portions  at  a  time,  to  about  5  gm.  of 
powdered  glass  contained  in  a  porcelain  capsule  placed  over  a  water- 
bath,  so  that,  when  the  contents  of  the  capsule  are  dry,  all  or  nearly  all 
of  the  dry  alkaloids  shall  be  in  intimate  admixture  with  the  powdered 
glass,  and  the  chloroform  be  completely  expelled. 

Now  moisten  the  residue  with  ether,  and,  having  placed  a  funnel  con- 
taining a  filter  of  a  diameter  of  7  cm.,  and  well  wetted  with  ether,  over  a 
small  graduated  tube  (A),  transfer  to  the  filter  the  ether-moistened  resi- 
due from  the  capsule.  Rinse  the  latter  several  times,  if  necessary,  with 
fresh  ether,  so  as  to  transfer  the  whole  of  the  residue  to  the  filter,  then 
percolate  with  ether  added  drop  by  drop,  until  exactly  10  c.c  of  perco- 
late have  been  obtained.  Then  collect  another  volume  of  10  c.c,  by 
similar,  slow  percolation  with  ether,  in  a  second  graduated  tube  (B). 
Transfer  the  contents  of  the  two  tubes  completely  (using  ether  for  wash- 
ing) to  two  small,  tared  capsules,  properly  marked  (A  and  B)  so  as  to 
avoid  confusion,  evaporate  to  a  constant  weight  at  100°  C.  (212°  F.),  and 
weigh  them. 

(The  residue  in  A  will  contain  practically  all  the  quinine,  together  with 
a  portion  of  the  alkaloids  less  soluble  in  ether ;  the  residue  in  B  u-ill  con- 
sist almost  entirely  of  these  alkaloids.)  From  the  amount  of  residue 
obtained  in  capsule  A  deduct  that  contained  in  B,  and  multiply  the  re- 
mainder by  twenty  (20).  The  product  will  represent,  approximately,  the 
percentage  of  quinine  (containing  i  molecule  of  water)  in  the  specimen 
of  Cinchona  tested. 


ORGANIC   DRUGS.  9O9 

Assay  of  Extract  of  Nux  Voxnioa. 

{According  to  the  U,  S.  Pharmacopceia  of  i8go,) 

Extractor  Nux  Vomica,  dried  at  100®  C.  (212°  F.),  two  grammes  .  2  gm. 

Alcohol, 

Ammonia  Water, 

Water, 

Chloroform, 

Decinormal  Sulphuric  Acid  V.  S., 

Centinormal  Potassium  Hydrate  V.  S.,  each,  a  sufficient  quantity. 

Put  2  gm.  of  the  dried  Extract  of  Nux  Vomica  into  a  glass  separator, 
add  to  it  20  c.c.  of  a  previously  prepared  mixture  of  2  volumes  of  alco- 
hol, I  volume  of  ammonia  water  (specific  gravity  0.960),  and  i  volume 
of  water,  and  shake  the  well-stoppered  separator  until  the  extract  is  dis- 
solved. Then  add  20  c.c.  of  chloroform  and  agitate  during  ^\'^  min- 
utes. Allow  the  chloroform  to  separate,  remove  it  as  far  as  possible, 
pour  into  the  separator  a  few  c.c.  of  chloroform,  and,  without  shaking, 
draw  this  off  through  the  stop-cock  to  wash  the  outlet-tube.  Repeat 
the  extraction  with  two  further  portions  of  chloroform  of  15  c.c.  each, 
and  wash  the  outlet-tube  each  time  as  just  directed.  Collect  all  the 
chloroformic  solutions  in  a  wide  beaker,  expose  the  latter  to  a  gentle 
heat,  on  a  water-bath,  until  the  chloroform  and  ammonia  are  completely 
dissipated,  add  to  the  residue  10  c.c.  of  decinormal  sulphuric  acid  meas- 
ured with  great  care  from  a  burette,  stir  gently,  and  then  add  20  c.c.  of 
hot  water.  When  solution  has  taken  place,  add  2  c.c.  of  brazil  wood 
T.S.,  and  then  carefully  run  in  centinormal  potassium  hydrate  V.S.,  until 
a  permanent  pinkish  color  is  produced  by  the  action  of  a  slight  excess  of 
alkali  upon  the  brazil  wood  indicator.  Divide  the  number  of  c.c.  of  cen- 
tinormal potassium  hydrate  V.  S.  used  by  10,  subtract  the  number  found 
from  10  (the  10  c.c.  of  decinormal  acid  used),  multiply  the  remainder  by 
0.0364,  and  that  product  by  50  (or,  multiply  at  once  by  1.82),  which  will 
give  the  percentage  oi  total  alkaloids  in  the  Extract  of  Nux  Vomica, 
it  being  assumed  that  strychnine  and  brucine  are  present  in  equal  propor- 
tion, and  the  above  factor  being  found  by  taking  the  mean  of  their  re- 
spective molecular  weights  rounded  off  to  whole  numbers  [(334  -f  394)  -*- 
2  =  364]. 

W'hen  Tincture  of  Nux  Vomica  is  to  be  assayed,  100  c.c.  of  it  (repre- 
senting 2  gm.  of  extract)  should  be  evaporated  to  dryness,  and  the  resi- 
due tested  by  the  foregoing  process. 

Assay  of  Aoonite. 

{According  to  A.  B.  Lyons.) 

The  powdered  root  or  leaves  may  be  used  in  this  process.  10  grammes 
are  placed  in  a  suitable  flask,  and  100  c.c.  of  Prollius'  fluid  added.  After 
some  agitation,  the  whole  is  set  aside  for  12  to  24  hours.  50  c.c.  of  the 
clear  liquid  are  then  removed  with  a  pipette,  and  placed  in  a  beaker  with 
5  c.c.  of  water.  The  ether  is  allowed  to  evaporate  spontaneously,  and, 
when  nearly  all  has  disappeared,  6  drops  of  5-per-cent.  sulphuric  acid 
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Ch)^  t  ■rr.'r  !//  in*MT^  ^jjosi/jfOf:  wJnd'JL  'S  'sat  "k=^'""'  n  sac  tol  Tjie 
fr#;k{/'>r;k*:^/n  is  tiKm  I'jntiaaftscS  mirf  id  -fftiKr  bu  airuuii  izr^  3e:±a  r^ 
nyr»'*A,  7  b*;  voIuitm;  'jf  tot  bgiaic  it  "aiia.  ssatikt  in  n  %  l.:_  tth  tihet. 
arirf  XiiTHV'A  -A-ith  May*rr's  r*aegwr  £iC3.  nunc  ■^imnfi-*'  ji'  lat  ik-=- 
tu/nrml  v/Jutu/n  rei^*s^;nt^  '^.o^^^  ursmixiir  :£  AruncmL  ir  a— ningx- 
I^,  Lyon'?,  fy.'jy^j  '^nmn^.  It  ii  t2Kr»ax*  3u:r»  -isaiir  i:  vssrx  :ae 
HlkAUtul.  'Ah'u.h  may  }>e  arr.oen|>bs£Kd  *:n  tsknnp  5:  :..l  innt  ne  ±kSL 
f'fUVtiuin'^  i\Hz  dru^  and  Pr<>IBns',  snsr  SBHSssaxiiir  is*  ix  ji:iib>  isui 
HX>Utiri<  in  a  ^^^rpsuMini^  funoel  v^  5  s&=:s«sn^  yjrmps.  11  5  11 
t;*  h.  of  water  acidified  distincthr  mi±  fci'-Sruaiiinr  h-^i.  rhie  Tn-trd 
a'  id  v>lutionH  are  plar.ed  in  a  scfwatsa^  ^nnn*'"  -viisiisi  :ac±  vos:  jc  ic 
'/f  ether,  to  r«mi<^A'e  the  la<»t  traces  of  'wi^AiiJes.  rxit  -smtr  s  jifisunaed 
and  the  aHd  sfAuiuMi,  after  retnmixq^  to  vat  st^Bnaaac  imnt*-.  I^  rtst- 
fU:rtu\  alkaline  with  ammonia  water,  aod  >gigiiVf'  vra:  rv:  p*.iu.<35>  'X' 
ether  of  2^^  <:.r,  each.  The  mixed  ctbenal  vsasoncs  ir*^  -snTiipt^ncfd  '30 
a  water-bath  Ut  Cfiastant  weight ;  the  nsnfe  bcB^  tai±  ve^^  if  «r>^*«-i*^ 
in  5  (grammes  of  the  drug. 

iLBBsy  of  BeOadomiii  Hwrt 

f  >f  the  numerous  prrxresses  suggested  for  the  aznhs  oc  ess  drug.  thJt 
of  I>unstan  and  Kan5(om,  with  some  slight  mocSibcxzioGK.  «2  probibly 
N;  foufid  the  nmsi  satisfactory.  20  grammes  of  the  &xk}t  p&mdered  root 
are  f'xhausted  by  hot  percolation  with  a  mixture  of  eqaal  vohimes  of 
alisoliite  alcoliol  and  chkjroform ;  about  60  cc  of  the  mixtone  will  be 
rec|tiired.  When  exhaustion  of  the  drug  b  complete,  the  fiqoid  is  trans- 
ferred to  a  separator  and  agitated  with  two  successhne  portions*  of  ao  cc 
eacli,  of  water  acidified  with  a  few  drops  of  dihite  solphiinc  ackL  The 
mixerl  acid  s<i]utions  are  washed  in  a  separator  witii  10  ac  of  chloro- 
form,  to  remove  last  traces  of  impurities,  then  rendered  alkaline  with 
aninuxiia  water,  and  the  alkaloid  removed  by  two  successK-e  treatments 
with  chloroform  of  20  cc.  each.  The  mixed  chlorofonmc  solutions  are 
washed  with  a  little  water,  transferred  to  a  tared  beaker,  and  evaporated 
on  a  water-bath  to  constant  weight. 

BelUdonna  Leaves  are  assayed  similariy  to  the  root,  using  for  extrac- 
tion absolute  alcohol,  instead  of  a  mixture  of  that  liquid  with  chloroforaL 

Assay  of  Ooca. 

(Accordinj^  to  A.  B.  Lyons.) 

\n  a  flask  having  a  capacity  of  120  cc.  are  placed  10  grammes  of  the 
(Iruj;  in  modiTately  fine  powder,  95  cc.  of  ether,  and  5  cc.  of  a  mixture 
of  ly  volunu's  of  absolute  alcohol  and  i  cc  of  stronger  ammonia  water. 
The  wholf  is  then  set  aside  for  24  hours,  with  occasional  agitation.  50 
r.c.  arc  then  tlecanted,  and.  if  not  perfectly  clear,  filtered,  the  filter  being 
washed  with  a  little  ether.  The  ethereal  liquid  is  transferred  to  a  sepa- 
rator cDiitaiiiing  5  cc.  of  water  and  10  drops  of  diluted  sulphuric  acid. 
AtUr  ihDiouKh  a>;:itation,  the  acid  solution  is  drawn  off,  and  the  ether  in 
the  separator  is  ajjitalcd  successively  with  two  more  portions  of  acid 
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water,  of  3  c.c.  each.  The  mixed  acid  solutions  are  transferred  to  a 
separator,  washed  with  15  c.c.  of  ether,  and  the  latter  removed.  Water 
of  ammonia  is  then  added  to  the  acid  solution  in  the  separator  until  the 
mixture  becomes  decidedly  alkaline,  and  the  alkaloid  is  removed  by  agi- 
tation of  this  alkaline  liquid  with  at  least  three  successive  portions  of 
ether  of  15  c.c.  each.  The  mixed  ethereal  liquids  are  evaporated,  in  a 
t^ed  beaker,  to  constant  weight  on  a  water-bath. 

Aasay  of  Ipeoac. 

{According  to  C  C  Keller,) 

10  grammes  of  the  powdered  drug  are  placed  in  a  funnel,  closed  with 
a  plug  of  cotton,  and  percolated  with  20  to  25  c.c.  of  ether,  to  remove  fat. 
The  dried  powder  is  then  transferred  to  a  flask  of  150  c.c.  capacity,  60  c.c. 
of  ether  and  25  c.c.  of  chloroform  are  added,  and  the  whole  thoroughly 
mixed  by  agitation  for  some  minutes.  10  c.c.  of  ammonia  water  are 
then  added,  by  which  means  the  suspended  powder  separates,  while  the 
emetine  dissolves.  Agitation  is  continued  at  frequent  intervals  for  one 
hour,  when  5  c.c.  more  of  ammonia  water  are  added,  which  causes  the 
powd  er  to  still  further  agglutinate,  while  the  liquid  becomes  clear.  50 
c.c.  of  the  clear  liquid  are  removed  to  a  weighed  Erlenmeyer  flask,  the 
solvent  is  distilled  off,  and  the  varnish-like  residue  is  washed  with  two 
portions  of  ether,  of  5  c.c.  each,  and  dried  by  forcing  a  gentle  current  of 
air  through  the  flask.  The  residue,  when  weighed,  gives  the  amount  of 
emetine  in  5  grammes.  These  results  are  usually  rather  high,  and  it  is 
considered  more  exact  to  dissolve  the  residue  in  10  c.c.  of  absolute  alcohol, 
add  2  drops  of  haematoxylin  solution,  and  titrate  with  decinormal  hydro- 
chloric acid  solution  until  the  violet-red  color  is  changed  to  pale  yellow. 
Each  c.c.  of  acid  used  represents  0.0254  gramme  of  emetine. 

Assay  of  Tea. 

{According  to  E.  R.  Squibb.) 

10  grammes  of  coarsely-powdered  tea  are  intimately  mixed  in  a  mortar 
with  2  grammes  of  magnesium  oxide.  The  mixture  is  added  to  100  c.c. 
of  boiling  water,  and  the  heat  maintained  at  that  temperature  for  5  min- 
utes. It  is  then  poured  on  a  filter  and  the  residue  washed  with  50  c.c. 
of  water,  after  which  it  is  again  stirred  into  100  c.c.  of  boiling  water. 
After  boiling  for  a  few  minutes  the  mixture  is  filtered  and  the  residue 
percolated  with  water  until  exhausted,  using  about  100  c.c,  or  making  a 
total  of  about  350  c.c.  of  percolate.  The  weaker  portion  is  evaporated 
first,  the  stronger  added,  and  the  whole  concentrated  to  20  c.c.  The 
concentrated  solution  is  transferred  to  a  separator  with  a  few  c.c.  of  water, 
and  washed  successively  with  three  portions  of  chloroform  of  20  c.c.  each. 
The  mixed  chloroformic  washings  are  concentrated  in  a  tared  beaker,  on 
a  water-bath,  to  constant  weight. 
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Aasay  of  Ooflbe. 

(According  to  E.  R.  Squibb.) 

The  same  process  is  employed  in  coffee  as  in  tea,  using  a  finer  powder, 
until  the  final  20  c.c.  of  aqueous  solution  are  obtained.  Instead  of  at- 
tempting to  wash  out  the  alkaloid  from  this  solution  with  chloroform,  it 
is  poured  into  100  c.c.  of  alcohol  to  precipitate  albuminous  matter.  The 
mixture  is  filtered,  the  precipitate  washed  with  alcohol,  and  the  filtrate 
and  washings  concentrated  on  a  water-bath  to  20  c.c. ;  alter  which  it  is 
washed  with  three  successive  p)ortions  of  chloroform  of  20  c.c.  each,  and 
the  mixed  chloroformic  solutions  concentrated  in  a  beaker,  on  a  u-ater- 
bath,  to  constant  weight. 

The  Estimatdon  of  Nitrogen. 

As  it  is  sometimes  desirable  to  estimate  the  nitrogen  in  alkaloids  as 
well  as  other  substances,  the  following  methods  are  here  given : 

Soda- LI  ME  Method. 

This  method  of  estimating  nitrogen  in  organic  substances  is  applicable 
in  all  cases  in  which  that  element  does  not  exist  as  a  nitrate.  The  adapt- 
ability of  the  process  lies  in  the  fact  that  nitrogenous  organic  substances, 
when  strongly  heated  with  an  alkali  hydrate,  evolve  their  nitrogen  as 
ammonia.  Tlie  latter  is  absorbed  in  standard  oxalic  or  sulphuric  acid 
solution.  The  percentage  of  nitrogen  is  calculated  from  the  amount  of 
gas  evolved.  This  is  determined  by  titrating  the  known  volume  of 
standard  acid  with  standard  alkali. 

The  analysis  is  conducted  by  mixing  the  substance  to  be  estimated 
with  soda-lime  (a  granulated  mixture  of  sodium  hydrate  and  calcium 
oxide)  and  heating  the  mixture  in  a  combustion-tube,  some  unmixed 
soda-lime  being  placed  at  both  ends  of  the  column  of  the  mixture,  and 
the  whole  held  secure  by  plugs  of  asbestos. 

The  tube  is  placed  in  a  combustion-furnace,  and  heated  to  redness  a 
few  inches  back  of  the  anterior  end,  to  which  a  Varrentrapp  and  Will's 
absorption  bulb,  containing  a  convenient  quantity  of  the  standard  acid, 
has  been  attached.  The  heat  is  then  gradually  extended  along  the  tube 
to  the  posterior  end.  When  absorption  is  no  longer  noticeable,  this  end 
is  broken  off  and  air  drawn  through  the  tube  by  suction  applied  to  the 
absorption  bulb.  By  the  last  treatment  all  traces  of  ammonia  are  ab- 
sorbed. 

Liquid  nitrogenous  compounds  are  weighed  in  small,  sealed,  glass 
bulbs,  which  are  to  be  placed  in  a  layer  of  soda-lime. 

If  the  substance  is  rich  in  nitrogen  some  cane-sugar  should  be  mixed 
with  it. 

The  Kjeldahl  Method. 

This  method,  which  has  largely  superseded  the  soda-lime  process  for 
the  estimation  of  nitrogen,  is  founded  on  the  complete  oxidation  of  or- 
ganic suhsianoes  when  they  are  digested  with  concentrated  sulphuric 


ORGANIC  DRUGS.  9I3 

acid  and  potassium  permanganaite.    The  nitrogen  is  converted  into  am- 
monia, which  at  once  combines  with  the  excess  of  acid. 

The  following  outline  of  the  plan  of  application  is  taken  from  the 
Official  Methods  of  Analysis  adopted  by  the  Association  of  Official  Agri- 
cultural Chemists  at  its  meeting  in  August,  1894.  .7  to  3.5  gm.  of  the 
substance  to  be  analyzed  (according  as  the  amount  of  nitrogen  is  likely 
to  be  much  or  little)  are  brought  into  a  flask  with  an  equal  weight  of 
yellow  mercuric  oxide,  which  hastens  the  oxidation,  and  20  c.c.  of  sul- 
phuric acid  (sp.  gr.  1.84).  The  mixture  is  then  heated  below  the  boiling 
point  of  the  acid  for  from  5  to  10  minutes,  or  until  frothing  has  ceased  ; 
to  stop  excessive  frothing  a  small  piece  of  paraffin  may  be  added. 

The  heat  is  now  increased  until  the  acid  boils,  and  the  contents  of  the 
flask  have  become  clear  and  colorless,  or  nearly  so.  Powdered  potas- 
sium permanganate  is  now  dropped  in  carefully  and  in  small  quantities 
at  a  time  until,  afler  shaking,  the  liquid  remains  of  a  green  or  purple 
color.  Afler  cooling,  200  c.c.  of  water  are  added.  To  prevent  bumping 
during  distillation  a  few  pieces  of  granulated  zinc  are  introduced  into  the 
flask,  to  the  contents  of  which  i  gm.  of  potassium  sulphide  in  solution  is 
added  with  the  view  of  obviating  the  formation  of  mercuro-ammonium 
compounds.  50  c.c.  of  saturated  solution  of  sodium  hydrate,  or  suffi- 
cient to  make  the  mixture  alkaline,  are  next  added  by  pouring  the  same 
down  the  side  of  the  flask  so  that  it  does  not  mix  at  once  with  the  acid 
solution.  The  flask  is  then  connected  with  a  condenser,  one  end  of 
which  is  inserted  into  another  flask  containing  standard  acid. 

The  contents  of  the  distilling  flask  are  now  mixed  by  shaking,  and 
distilled  until  all  ammonia  has  passed  over  into  the  standard  acid.  The 
flrst  150  c.c.  of  the  distillate  will  generally  contain  all  the  ammonia.  The 
contents  of  the  receiving  flask  are  then  titrated  with  standard  alkali, 
cochineal  test-solution  being  used  as  an  indicator.  The  result  is  calcu- 
lated from  the  amount  of  acid  neutralized  by  the  distillate. 

The  reagents  and  apparatus  should  be  tested  by  a  blank  expenment 
with  some  non-nitrogenous  substance,  such,  for  instance,  as  sugar. 

The  foregoing  treatment  does  not  effect  the  estimation  of  nitrogen 
when  the  latter  is  present  as  nitrates. 

To  include  the  nitrogen  of  these  compounds,  the  method  may  be  modi- 
fled  as  follows : 

•7  ^o  3*5  gni-  of  the  substance  are  well  mixed  with  30  c.c.  of  sulphuric 
acid  (sp.  gr.  1.84)  and  i  gm.  of  salicylic  acid  ;  5  gm.  of  crystallized  so- 
dium thiosulphate  are  then  added.  The  last  two  substances  may  be 
replaced  by  2  gm.  of  salicylic  acid  and  2  gm.  of  zinc-dust.  The  flaslc 
is  heated  over  a  low  flame  until  ail  danger  from  frothing  has  passed  ; 
then  the  heat  is  raised  until  the  mixture  boils  briskly,  and  continued  until 
white  fumes  no  longer  pour  out  of  the  flask.  This  requires  about  5 
or  10  minutes. 

A  quantity  of  yellow  mercuric  oxide  equal  to  the  substance  taken  is 
now  added,  and  the  boiling  continued  until  the  liquid  in  the  flask  is 
colorless,  or  nearly  so. 

Additional  acid  may  be  supplied  should  the  contents  of  the  flask  show 
indications  of  becoming  solid. 
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APPENDIX. 


Table  of  Atomic  Weights  according  to  the  U.  S.  Phar- 

MACOPCEIA,  together  WITH   VaLENCES. 


Name. 


Aluminum  . 

Antimony  .  . 

Arsenic  .  .  . 

Barium    .   .  « 

Beryllium  *  , 

Bismuth      .  . 

Boron     .   .  . 

Bromine     .  . 

Cadmium  .  . 

Caesium  .   .  . 

Calcium  .   .  . 

Carbon   .  .  . 

Cerium   .  .  . 

Chlorine     .  . 

Chromium  . 

Cobalt     .   .  . 
Columbium  f 

Copper   .    .  . 

Didymium  J  , 

Erbium  .   .  , 

Fluorine     .  . 

Gallium  .   .  , 

Germanium  . 

Gold    .   .   .  . 

Hydrogen  .  . 

Indium   .   .  . 

Iodine     .   .  . 

Indium  .   .  . 

Iron     .   .   .  . 

Lanthanum  . 

Lead    .   .    .  . 

Lithium      .  . 

Magnesium  . 

Manganese  . 

Mercuiy     .  . 
Molybdenum 

Nickel     .   .  . 

Nitrogen    .  . 

Osmium     .  . 


Symbol. 

1 

Atomic 
Weight. 

Al 

27.04 

Sb 

119.6 

As 

74.9 

Ba 

186.9 

Be 

9.08 

Bi 

208.9 

B 

10.9 

Br 

79.76 

Cd 

111.5 

Cs 

182.7 

Ca 

89.91 

C 

11.97 

Ce 

189.9 

CI 

85.87 

Cr 

52.0 

Co 

58.6 

Cb 

98.7 

Cu 

68.18 

Di 

142.0 

Er 

166.0 

F 

19.0 

Ga 

69.9 

Ge 

72.8 

Au 

196.7 

H 

1.0 

In 

118.6 

I 

126.58 

Ir 

192.5 

Fe 

55.88 

La 

188.2 

Pb 

206.4 

Li 

7.01 

Mg 

24.8 

Mn 

54.8 

Hg 

109,8 

Mo 

95.9 

Ni 

58.6 

N 

14.01 

Os 

190.8 

Valence. 


♦  Also  called  Glucinum,  Gl  =9.03. 

t  Also  called  Niobium,  Nb:=93.7. 

X  Composed  of  Neo-  and  Praseo- Didymium. 


II  or  (Ala)v« 

II,  V 

11,  V 

I.  IV 

I 

n.v 
II 

,  III.  V,  VII 

I,  IV 
V 

CeJvi,  IV 

.  in,  V,  VII 

I,  (Crg)^'  VI 

I,  (Cog)^^ 

II.  V 
CuJ",  II 
II,V 

II  or  (Erg)v« 


G 

1, 
.III 


II  or  (In,)" 

,  III,  V,  VII 

I,  IV 

I.  (Fe,)",  VI 

II 

I,  IV 

I 

I,  IV,  VI,  VIII 

Hk,)",  II 

I.  W,  VI 

I,  (Ni,)" 

.  III.  V 

I,  IV,  VI,  VIII 
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APPENDIX. 


Table  of  Atomic  Weights  according  to  the  U.  S.  Phar- 

MACOPCEIA,    together  WITH    VALENCES. (  Con/ifuud.  f 


Namb. 


Oxygen 
Palladium  . 
Phosphorus 
Platinum  . 
Potassium  . 
Rhodium  . 
Rubidium  . 
Ruthenium 
Samarium  . 
Scandium  . 
Selenium  . 
Silicon  .  . 
Silver  •  .  . 
Sodium  .  . 
Strontium  . 
Sulphur  .  • 
Tantalum  . 
Tellurium  . 
Terbium  . 
Thallium  . 
Thorium  . 
Tin  ...  . 
Titanium  . 
Tungpten  . 
Uranium  . 
Vanadium 
Ytterbium  . 
Yttrium  .  . 
Zinc  .  .  . 
Zirconium  . 


Symbol. 


o 

Pd 

P 

Pt 

K 

Rh 

Rb 

Ru 

Sm 

Sc 

Se 

Si 

Ag 

Na 

Sr 

S 

Ta 

Te 

Tb 

Tl 

Th 

Sn 

Ti 

W 

U 

V 

Vb 

Yt 

Zn 

Zr 


Atomic 
Weight. 


Va^esce. 


106.S« 
M.M 
194.S 

89.08 
102.9 
84.2 
101.4 
149.82 
48.97 
7H.H7 
28.8 
107.88 
28.0 
87.8 
81.98 
182.0 
126.0 
IW.l 
208.7 
281.9 
118.8 
48.0 
188.6 
288.8 
51.1 
172.6 
88.9 
61^.1 
90.4 


II 

II.  IV 

III,  V 
II.  IV 

I 

II,  IV 

I 

II,  i\\\T\in 

III.  V 

III  or  rSc^i" 

II.  IV.  vT 

IV 

I 
I 

II,  IV 

II.  IV,  \1 

III.  V 

II.  IV,  VI 

III 
I.  Ill 

IV 

II,  IV 

IV 

II.  IV.  VI 

II,  IV,  VI 

III,  V 

III 
III 
II 

IV 


Therhohetric  Equivalents. 
{Recording  to  the  Centigrade  and  Fahrenheit  ScaUs.) 


c- 

F.= 

0.0 

po 

0.0 

T.° 

0." 

».- 

0.0 

r.° 

—39-4 

-39 

—20.5 

-s 

—1.1 

30 

18 

64.4 

37-!« 

99 

—39 

-38.* 

^4 

30.2 

'8.3 

65 

37-7 

-38.8 

-38 

—19-4 

—3 

-OS 

3' 

iS.S 

66 

38 

-38.3 

-37 

—19 

3^ 

>9 

662 

38.3 

-38 

-3S.4 

1  —18.8 

o-S 

33 

19.4 

67 

38.8 

—37-7 

-36 

;-'8.3 

33.8 

6S 

39 

—37-* 

-35 

-18 

—0.4 

34 

20.5 

^. 

39-4 

103 

-37 

-34.6 

—  '7-7 

1.6 

35 

69.S 

40 

104 

—36.6 

—34 

-'7-2 

35.6 

70 

40.5 

los 

-36.1 

—a 

-17 

1.4 

36 

2t.6 

71 

41 

.05.8 

—36 

-32.8 

—16.6 

2.7 

37 

71.6 

41.1 

106 

—35  5 

—32 

— i6i 

3* 

3 

37-4 

72 

41-6 

107 

-35 

—31 

-16 

3-» 

3.3 

38 

22.7 

73 

42 

.07.6 

-34-4 

-30 

-•s-s 

4 

3-8 

39 

23 

73.4 

42.2 

108 

—34 

-29-2 

-iS 

5 

4 

39.2 

^3.3 

74 

41.7 

109 

-33.8 

~'l 

—14-4 

6 

4.4 

40 

23.8 

75 

43 

109.4 

—33-3 

—28 

—14 

6.8 

S 

4" 

*4 

7S.2 

43.3 
43-8 

—33 

-27.4 

-13.8 

7 

S-S 

42 

24.4 

76 

— 3»7 

-27 

—'33 

8 

6 

42.8 

as 

77 

44 

—31.2 

—26 

—  13 

8.6 

6.1 

43 

«5.5 

78 

44.4 

— 3> 

-25.6 

—12.7 

9 

6.6 

44 

36 

78.8 

45 

'13 

-31.6 

—it, 

7 

44.6 

26.1 

79 

45  5 

114 

— 31.1 

—24 

10.4 

7.2 

45 

16.6 

80 

46 

114.8 

—3' 

-2J.8 

—11.6 

7.7 

46 

27 

80.6 

461 

I'S 

— 3°-S 

—23 

8 

46.4 

27.2 

81 

46.6 

116 

—30 

8.3 

47 

31-1 

82 

47 

1(6.6 

—39,4 

— lo-s 

'3 

8.8 

48 

2S 

82.4 

47.2 

'17 

— J9 

14 

9 

48.2 

28.3 
28.g 

83 

47.7 

118 

— 2S,8 

-94 

'5 

9.4 

49 

84 

48        1.8,4 

— *8.3 

—19 

—9 

1S.8 

5° 

29 

84.2 

48.3      "9 

—18 

-.8.4 

^.8 

16 

105 

SI 

29.4 

85 

48.B  1  .20 

— J7-7 

-18 

-8.3 

17 

51.8 

30 

86 

49         120,1 

—87-2 

—17 

—8 

17.6 

5a 

305 

87 

49-4  1  '" 

—17   1— 16.6 

-7-7 

18 

11.6 

S3 

3' 

87.8 

50       \   '22 

—26.6  -16 

—7.2 

19 

53.6 

311 

88 

505     1*3 

—36,1 

—15 

—7 

19.4 

54 

3>.6 

89 

51 

123.8 

—26 

-I4.S 

—6.6 

12.7 

55 

32 

89.6 

51-1 

124 

-ass 

—14 

-6.1 

13 

55  4 

3S-' 

90 

S..6 

i;S 

— ^5 

—'3 

—6 

'3  3 

56 

3*7 

91 

S2 

125.6 

—24.4 

-55 

13-8 

57 

33 

91.4 

S*-2 

~'*  = 

-5 

*3 

14 

57-* 

33.3 

92 

52.7 

127 

-238 

-4-4 

»4 

14.4 

58 

338 

93 

S3 

127,4 

— iJ-3 

—4 

24.8 

'S 

59 

34 

93-2 

53.3 

tiS 

— ^3 

—94 

-3-8 

'1 

'55 

60 

34.4 

94 

53.8 

119 

—22.7 

—9 

-3.3 

26 

16 

60.8 

35 

95 

54 

129.2 

—8 

—3 

26.6 

16.1 

61 

35-5 

96 

54.4 

130 

-7.6 

— *.7 

^7 

16.6 

62 

36 

96.8 

55 

<3' 

—21.6 

—7 

28 

"7 

62.6 

36.1 

97 

ss-s 

Ij2 

-6 

28.4 

.7.2 

63 

36.6 

98 

56 

133.8 

—21 

-5.8 

—16 

19 

"7.7 

64 

37 

98,6 

56.1 

1J3 
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Tmekmometric  Equivalents. — (Continued.) 


a,"      r.' 

C.=        T.' 

,    C." 

T." 

0." 

T.° 

C.= 

,.. 

50.0     "W 

77.1     171 

98     iaoS.4 

II  8.8 

246 

139.4  1  »83 

}7        'ivo 

77.7     i-J 

^.3|  »9 

119 

1462 

140     1  2S4 

;7.^     'J5 

7S        1714 

1 19.4 

^47 

140.S    38s 

5-7     l.W 

7«-3     173 

99     1  210  2 

148 

14'       U858 

5»        ijo-l 

78.S     174 

994     »II 

110.S 

249 

141.1 :  286 

.«o     'JT 

79        '74-2 

Joo       212 

149.8 

141.6 1 287 

:5.a     :jS 

79-t     175 

10J.5    213 

?50 

143 

287.6 

4«        <i3..' 

So        176 

|oi  ^  ;  *i3-8 

121.6 

^5' 

142.2 

288 

;a.+     [j<) 

so-s    177 

2516 

143.7 

389 

»            I+U 

Si       1778 

Io!:6  ■  "s 

152 

143 

2894 

■0.5      '41 

Si.i     173 

102       .15.6 

122.7 

3S3 

"43  3 
143.8 

290 

■  1         141.3 

St.6     179 

101-2  1  216 

'33 

253-4 

191 

is      179.6 

102.7  ,  ai7 

"3-3 

'S-i 

>44 

191.2 

3l.»       I4J 

Sz.:    iSo 

103     !  217-t 

1238 

J5S 

'444 

292 

;*      HJ.O 

S5.7     iSl 

103-3     "8 

114 

155.2 

'45 

393 

>*.-•    144. 

S3       iSm 

103.8  1  219 

1^4 

IS" 

'4S-5 

394 

•i-:   '+5 

Sj.5    tSi 

104     12192 

125 

146 

2948 

'J       '-tS* 

Si.»    iSj 

1044     220 

I2S-S 

lis 

146.1 

39s 

3J,,:     iw 

t»       1S3.2 

105       ■  221 

126 

25S,8 

146.6 

296 

^i-s    1*.' 

S«    iS4 

loss   .«2 

126.1 

'59 

147 

3o6.6 

•♦         14.- J 

*5       iSs 

106       j'222.8 

136.6 

160 

'473 

*97 

>4_l      l4tf 

Ss-S  ■  186 

106.1      323 

127 

260,6 

147-7 

298 

->           I4U 

Sb        1S6.8 

106.6      224 

137.3 

261 

148 

398.4 

0^:     l?o 

S6.I     1S7 

107       1  224.6 

1277 

201 

Ifsi 

399 

oo        l«o.S 

S6.6     iSS 

107.2  1  225 

128 

262,4 

300 

«...     151 

87        1SS.6 

,    107.7   ;  3*6 

128.3 

138.5 

263 

(49 

300.3 

00.6     tS3 

87.2     ■S9 

1o8      \  2264 

264 

1494  1 30' 

or     ittfi 

87.7     190 

108.3  1  *»? 

108  8  1 >2S 

129 

264-2 

>5o       30* 

ttT.j     «53 

88        1904 

129.4 

205 

'50  s ,  m 

»rr   »S4. 

88.J     191 

109    '  228.2 

130 

266 

IS"    1 303.8 

6»        lM-4 

S8.S    19a 

1094. 229 

130-5 

267 

131.1  30* 

'>»-3     «S5     1 

89     .i9«-a 

no     .  230 

"3" 

267.8 

151.6 

30s 

6».S     150     i 

«9-*    '93 

llo.S  :  23" 

131.1 

26S 

'5* 

.1056 

69     156.2 ; 

90       194 

III      '231.8 

131. 6 

269 

153.3 

306 

69.4   .57 

9*5  ,  195 

ni.i  .332 

13a 

269.6 

153.7 

307 

7U         15S 

91       '95  8 

1...6    233 

1333 

270 

"53 

3074 

>*  5     159 

9..1    196 

112       233.6 

132.7 

'.in 

308 

7»         '59.8  1 

91  6  1  197 

112.2  i  234 

■33 

309 

93        197-6 

112.7    235 

'33-3 

272 

>S4 

309-' 

71.6     161 

92.2  1  198 

"3       »354 

'338 

273 

154-4 

3'o 

7J         l6l.6  ' 

9a  7  1  >99 

•  13-3    236 
1138    237 

'34 

273.2 

'55 

311 

7i.J    161 

93     i  1994 

'344 

274 

'S5-5 

3'i 

7*.  7     10  J     1 

93-3     ~o 
93-8    Wl 

114 

337.3 

■35 

=  75 

156 

313.8 

TJ       163.4 

1144 

338 

'3S.5 

276 

1S6.1 

3"3 

;^:i  IS  ' 

94       |K.I2 

"5 

339 

■36 

276.8 

156.6 

3»4 

94.4  ;  202 

I'SS 

240 

'36-' 

'77 

'57 

3'46 

74        '65.^ 

95        w>3 

116 

140.8 

136.6 

27s 

157.3 

3»5 

744     lot-     1 

95-5     WH 

116.1 

341 

137 

278,6 

"577 

316 

75        '"7 

96       204.8 

116.6 

342 

'37-» 

279 

'58 

3"6.4 

7S.i     16*     1 

96.1    ^s 

117 

343.6 

'377 

280 

'S8.3 

3"7 

76        l61i8 

96.6  1  306 

117.3 

343 

138 

2So,4 

158.8 

318 

76.1     169     1 

97       206.6 

117.7 

344 

;Si 

281 

159 

3i8.» 

70-O     170     , 

97.1  1  207 

118 

344.4 

282 

'59-4 

3"9 

77        170.6 

97.7  1  JoS 

118-3 

^45 

139 

282.2 

t6o 

3W 
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Therhohetric  Equivalents. — {Coniintied.') 


0." 

v." 

0.0 

W° 

C." 

v." 

O." 

P." 

0.= 

F.» 

160,5 

3" 

181. r 

358 

zoa 

3956 

323.7 

433 

*43-3 

470 

161 

3".8 

181,6 

359 

396 

1*3 

433-4 

1438 

47' 

3" 

lS2 

3S9-6 

202.7 

397 

"ii 

434 

244 

4713 

I6I.6 

323 

182.2 

360 

203 

397-4 

435 

244.4 

471 

162 

3^3-6 

182.7 

3<i> 

203-3 

398 

214 

435* 

*4S 

473 

I6Z.2 

3*4 

1S3 

36'. 4 

2038 

399 

224-4 

436 

2455 

474 

162.7 

3*5 

'833 

36^ 

204 

399* 

225 

437 

246 

474.S 

'63 

3254 

183.0 

363 

204.4 

400 

2255 

438 

246.1 

475 

'63.3 

3*6 

l«4 

363.* 

205 

401 

226    438,8 

246.6 

476 

163-8 

3*7 

184.4 

364 

205.5 

402 

226,.     439 

247 

476.6 

.64 

327.1 

185 

365 

206     '  402,8 

226,6  1  440 

247.2 

477 

164.4. 

3*8 

■85.5 

366 

206,1  ,403 

227      1 440.6 

247.7 

478 

165 

329 

1S6        366.8 

2066 

404 

227.2     441 

248 

478* 

165.5 

330 

186.1 ;  367 

2C7 

404.6 

227.7 

442 

2483 

479 

166 

330.8 

186.6 1 368 

207,2 

405 

228 

442,4 

248.8 

480 

166.1 

33' 

187     368.6 

207.7 

406 

22S.3 

443 

249 

48o.a 

166.6 

33^ 

187.2 

369 

208 

406.4 

Z28.8 

444 

149-4 

481 

.67 

331.6 

370 

208.3 

407 

229 

444-1 

250 

4S3 

167,2 

333 

3704 

Z08.S 

408 

229.4 

445 

250.5 

483 

167.7 

3J4 

188,3 

37' 

209 

408.2 

230 

446 

251 

483.S 

16S 

334-4 

188.8 

37* 

209.4 

409 

*30-5 

447 

15" 

484 

16S.1 

335 

,89 

372.2 

410 

23' 

447.8 

251.6 

48S 

168.8 

336 

189.4 

373 

210.5 

411 

231.1 

448 

252 

485.6 

169 

336.2 

190 

374 

411.8 

231.6 

449 

IS*-* 

4B6 

169.4 

337 

190.5 

375 

232 

449.6 

252.7 

487 

170 

338 

191 

375-8 

211.6 

413 

232.2 

450 

*S3 

487-4 

170,5 

339 

19'.' 

376 

41 3-6 

132.7 

45' 

153-3 

488 

171 

339-8 

19. .6  1377 

414 

233 

451-4 

*53.8 

489 

ljl,l 

340 

"9*     ,  377-6 

212.7 

4'5 

*33.3 

45* 

154 

489.3 

171.6 

341 

192.2 

378 

*I3 

415-4 

133.8 

453 

154-4 

490 

172 

341,6 

192.7 

379 

213.3 

416 

134 

453* 

2'.S 

491 

172.2 

341 

193 

379-4 

213.8 

417 

234.4 

454 

255s 

49* 

172.7 

343 

'933 

3S0 

214 

4'7-* 

235 

455 

256 

49i« 

'73 

343-* 

'93-8 

.181 

214.4 

418 

135.5  '  456 

256.1 

493 

173.3 
•73-8 

344 

194 

381.2 

*»5 

419 

236      i  456-8 

256.6 

494 

345 

194.4 

215.5 

420 

236.1     457 

257 

494.6 

174 

34S-* 

'95 

i&i 

216 

420.8 

236,6 

458 

257.2 

495 

"74-4 

346 

'95  5 

384 

216.1 

421 

*37 

458.6 

257.7 

496 

'75 

347 

196 

384-8 

316.6 

422 

237.a 

459 

158 

496.4 

'75-5 

348 

196.. 

385 

217 

422.6 

*37.7 

460 

158.3 

497 

176 

348.8 

196.6 

386 

217.2 

413 

*38 

460.4 

258.8 

498 

176.. 

349 

'97 

l86.6 

217.7 

424 

238.3 

461 

259 

498.1 

176,6 

350 

197.2 

387 

aiS 

424,4 

238.8 

462 

159.4 

499 

177 

3S°-6 

'97-7 

388 

218.3 

4^5 

239 

462.2 

260 

500 

177.2 

35' 

198 

388.4 

218.8 

436 

239-4 

463 

260.5 

50 

177.7 

35* 

'98-3 

389 

219 

426.2 

464 

261 

501.8 

178 

3S*.4 

.98.8 

390 

219.4 

427 

240.5 

465 

261.. 

Soj 

178.3 

353 

199 

390.2 

428 

241 

465.8 

261.6 

503 

178.8 

354 

199-4 

391 

220.5 

429 

241.1 

466 

262 

503.6 

•79 

354.2 

392 

429.8 

241-6 

467 

361.2 

S"4 

'794 

355 

200.5 

393 

430 

242 

467.6 

262,7 

SOS 

iSo 

356 

393-8 

221 .6 

431 

242.Z 

46S 

263 

505-* 

180.5 

357 

394 

43 '-6 

242.7 

469 

263,1 

506 

iSi 

357-8 

201.6  ,  395 

222.2 

4j* 

243 

469.4 

263.8 

5C7 
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Tkermometric  Equivalents.— (CcHftKB^rf.) 


c."   1  r." 

0."   1  r.° 

- 

».■> 

C.° 

F.° 

&= 

r." 

164    1  50T.J 

171. 6    521 

3788 

386.1 

S6t. 

2JI     ;  521.6 

279 

534-2 

548 

29  vs 

56< 

16s    ,  509 

371.1 : 5- 

»79-4 

535 

294 

2S0 

S36 

287.3 

S63 

166      510.S 

273     5    4 

280.5 

537   ; 

287,7 

S50 

39s 

S61 

»73.3     S 

5J7.8 

550-4 

295-5 

5^ 

166.6    511 

27JS    5 

Sl8 

288,3 

296 

564.8 

367    '  51:0 

>67.i  ,  S'J 

J74-t 

«6 

539-6 

389        552.2 

296  6     566 

167.7     5 '4 

397         566.6 

»68        su,4 

S^M 

2S3.7 

^JS'5 

»T> 

28, 

5414 

290.5 

555 

397.7  1  568 

S'9 

542      1 

291 

sss-s 

>69        5'6.. 

276.6 

Sio 

38  v8 

W 

39' -1 

298-3  1  569 

*6m    517 

277 

5^o.6 

543-2 

557 

177.1 

SJl 

W 

»7o-S  1  Sf« 

'77-7 

SI" 

3tH 

545 

392.3  1  558 

299-4  1  57" 

an       519.8 

';ia-4 

292.7     559 

300     1573 

»7i-'  1  5*3 

*78-3 

533 

293 

559-1 

Specific  Gravity  Tables. 

Bgaumf's  Scale  /or  Liquids  Lighter  than  Water. 

The  following  table  is  calculated    for  a  temperature   of  17.5°   C 

(63.5"  F.l.  and  is  based  on  the  formulas  no,  ^  specific  gravity 


•+■30  " 


£*^ 

SpMifit 

p<cm 

Sp«:iG<: 

£3K 

Sp«ifi= 

D.(tt« 

^^X 

p^ 

Buiirj. 

Gi»Tfly. 

Gnviiy. 

B>un>«. 

10 

33 

0.8588 

56 

0-7S26 

79 

0-6698 

0.9929 

34 

0.8536 

57 

o.7i86 

So 

o,6M6 

0.9859 

^ 

a8484 

58 

0.7446 

8i 

0.6635 

'3 

0.9790 

36 

^fn] 

59 

0.7407 

82 

0.6604 

<4 

0.9732 

37 

60 

0.7368 

83 

06573 

«s 

0.9655 

38 

tllil 

61 

0,7329 

84 

06542 

16 

0.9589 

39 

61 

0.7390 

85 

06511 

•7 

0.9523 

40 

0  82J5 

63 

0-7253 

86 

0.6482 

■  8 

0.9459 

41 

0.8187 

6* 

07J16 

87 

0.6451 

'9 

0.939s 

4» 

0.8139 

65 

0.7179 

88 

0.6431 

0.9333 

43 

0.8093 

66 

0.7143 

89 

0.6393 

0.9271 

44 

0.3045 

67 

0.7106 

90 

06363 

09210 

45 

08000 

6S 

07070 

9' 

0,6335 

'3 

0,9150 

46 

0.7954 

69 

0.7035 

93 

0.6306 

24 

0.9090 

47 

07909 

70 

0.7000 

93 

0.637S 

25 

0,9033 

48 

0.786s 

71 

0-6965 

94 

0.6250 

36 

0.8974 

49 

0.7831 

7> 

0.693, 

9S 

0.6  323 

%^ 

08qt7 

SO 

0.7777 

73 

06896 

96 

0,619s 

38 

0,8860 

5« 

0,7734 

74 

0,6863 

97 

06167 

39 

0.8S05 

52 

0,7693 

75 

0.6839 

98 

0.6140 

30 

OS750 

S3 

<i.lH° 

76 

06796 

99 

06.  .J 

3' 

o.S<^5 

54 

0,7608 

77 

0.6763 

0.6087 

3* 

08641 

55 

0.7567 

78 

0.673. 
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Bournes  Scale  for  Liquids  Heavier  than  Water. 


■ 

Rational 

. 

Rational 

8 

Baum£, 

Baumi 

8 

Baume, 

Baumi 

1 

i7.5«C. 

Scale, 
ia.50  C. 

a 

17.5^  ci 

Scale, 
xas^C.   . 

Sp.RT. 

Sp.gr. 

Sp.  gr. 

Sp.gr. 

0 

1. 0000 

1. 0000 

37 

1.3370 

1.3447 

I 

1.0068 

1.0069 

38 

1.3494 

1.3574 

3 

I.OI38 

1. 01 40 

39 

1.3619 

1.3703 

3 

1.0208 

1.02 1 2 

40 

1.3746 

1.3834 

4 

1.0280 

1. 028  J 

41 

1.3876 

1.3968 

5 

«0353 

1.0358 

42 

1.4009 

1.4105 

6 

1.0426 

I.0434 

43 

1. 4 143 

1.4244 

7 

1. 0501 

1.0509 

44 

1. 4281 

1.4386 

8 

1.0576 

1.0587 

45 

1.4421 

1.4531 

9 

1.0653 

1.0665 

46 

1.4564 

1.4678 

10 

1. 0731 

1.0745 

47 

1.47 10 

1.4828 

II 

1.0810 

1.0825 

48 

1.4860 

1.4984 

12 

X.0890 

1.0907 

49 

'  1.5012 

1.5141 

13 

1.0972 

1.0990 

50 

1.5167 

1.5301 

14 

1. 1054 

1.1074 

51 

1-5325 

1.5466 

15 

1.X138 

1.1160 

52 

1.5487 

1.5633 

16 

1.1224- 

1. 1247 

53 

1.5652 

1.5804 

17 

1.1310 

1.1335 

54 

1.5820 

1.5978 

18 

1.1398 

1.1425 

55 

1-5993 

I.6158 

19 

1.1487 

1.1516 

56 

I.6169 

1.6342 

20 

1.1578 

I.1608 

57 

1.6349 

16529 

21 

1. 1670 

1. 1702 

58 

1.6533 

1.6720 

22 

1.1765 
I.I  858 

1.1798 

59 

1.6721 

1.6916 

23 

I.1896 

60 

1.6914 

I.7I16 

24 

11955 

I.1994 

61 

1.7111 

1.7322 

25 

1.2053 

1.2095 

62 

1.7313 

1.7532 

26 

1.2153 

1.2198 

63 

1.7520 

1.7748 

27 

1.2254 

1. 2301 

64 

1.7731 

1.7960 

28 

1.2357 

1.2407 

65 

1.7948 

1.8195 

29 

1.2462 

1.2515 

66 

1.8171 

1.8428 

30 

1.2569 

1.2624 

67 

1.8398 

1839 

31 

1.2677 

1.2736 

68 

1.8632 

1.864 

32 

1.2788 

1.2849 

69 

1.887 1 

1.885 

33 

1. 2901 

1.2965 

70 

1-9117 

1.909 

34 

1.3015 

1.3082 

71 

I  9370 

1.935 

35 

1.313' 

1.3202 

72 

1.9629 

1.960 

36 

X.3250 

1.3324 

What  is  known  as  the  *'  Rational "  Baum^  scale  is  calculated  by  taking 
water  at  the  temperature  chosen  at  o®  B.  and  sulphuric  add  of  1.842 

specific  gravity  at  66°  B.  and  using  the  formula  — ^4:5 — .  =  d,    (See 

144.3  — ««» 

Lunge's  "Sulphuric  Acid  and  Alkali,"  Vol.  I.  p.  20.) 


Comparison  of  the  Twaddle  SeaU  with  Iht  Rational  Btaanl  Scale. 
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1 

i 

1 

i 

i 

1 

1 

i 

1 

i 

i 

0 

1.000 

44 

16.0 1 1 

220 

88 

44.1 

i-440 

131 

S7.1 

..655 

o.^ 

1.005 

4S 

26.4 '  1 

225 

89 

44-4 

.-M5 

13s 

57.4 

1660 

1.4 

1.010 

46 

26-9  I 

230 

90 

44.8 

'.45° 

'33 

57-7 

166S 

.0.5 

47 

27.4  1 

"3S 

9' 

45.1 

1-455 

'J4 

S7^9 

1.670 

a.7 

48 

17.9  1 

240 

91 

45-4 

.460 

'35 

5S.2 

1.67s 

I 

34 

i.ois 

49 

"fi  • 

»45 

93 

45-8 

1.465 

'36 

58^4 

1.680 

4-' 

1.030 

50 

28,8      1 

250 

94 

1.470 

'37 

58.7 

.685 

1 

4-7 

'035 

51 

193,    ' 

=55 

95 

46^ 

'■475 

'38 

58,9 

1.690 

8 

5.4 

S^ 

29.7  1    ' 

j6o 

96 

46.8 

1.480 

'39 

59-2 

1.695 

9 

6.0 

1.04S 

53 

30.2      1 

26s 

97 

47' 

1485 

59-5 

1,700 

6.7 

54 

30.6      1 

170 

98 

47.4 

1.490 

M° 

597 

1.70s 

7-4 

'OSS 

55 

3'-'  1    I 

'75 

99 

47.8 

'-495 

142 

60.0 

1.710 

8.0 

;.o6o 

5^ 

31.5  1   ' 

2S0 

48.. 

1,500 

143 

60.2 

i.7'S 

«3 

8.7 

1.06s 

57 

32.0      I 

28s 

48.4 

1.505 

144 

604 

1.710 

U 

1070 

5« 

32.4'    ' 

290 

48,7 

1.510 

'45 

60.6 

1.725 

'S 

(.075 

59 

3i8      1 

29s 

'03 

49.0 

■S'S 

146 

1.730 

16 

I0.6 

60 

33-3      I 

300 

104 

49-4 

1.520 

147 

61-I 

'■7JS 

<7 

1:085 

61 

33-7      1 

30s 

105 

497 

1525 

148 

6'-4 

1.740 

IS 

11.9 

1.090 

61 

34.2      1 

310 

106 

50.0 

'530 

149 

61.6 

'745 

'9 

12.4 

1.095 

63 

34.6      1 

3'S 

■07 

503 

'■535 

150 

6  J. 8 

1.750 

»     (3.0 

64 

350      1 

320 

to8 

50.6 

1-540 

'5' 

62.1 

'■755 

at  .  13-6 

i-ios 

65 

354      1 

325 

ID9 

SO-9 

1545 

"52 

6^3 

1,760 

32       I4.Z 

66 

35-8      I 

330 

5'^ 

'55° 

'53 

62.S 

1-76S 

ai     14.9 

1. 115 

67 

362      . 

335 

5 '-5 

'■555 

•54 

62.« 

1-770 

'*      'S-4 

6S 

36-6      , 

340 

5'.S 

.560 

'55 

63.0 

'■77S 

=S     .6-0 

iluS 

69 

37-0     ' 

34S 

113 

S2.I 

1.565 

.36     63.2 

■■.780 

26  1 16,5 

I.IJO 

70 

37.4      ' 

15° 

114 

52.4 

'■57° 

'57     63-5 

1.785 

27    171 

'-■35 

7' 

37.8      ■ 

355 

"5 

52.J 

1575 

1.8  i   63-7 

1,790 

as     17-7 

I.t40 

7i 

38.2      , 

360 

116 

530 

.-580 

'59     <'4.o 

■■795 

X9     "8.3 

<.HS 

73 

3S.6      1 

365 

"7 

53.3 

•-585 

160     64.2 

1,800 

la    111.8 

1.150 

74 

39,0     1 

370 

iiS 

53-6 

1.590 

161  1  64.4 

I.S0S 

31  ;  «9 1 

i-iSS 

75 

394      1 

375 

119 

53-9 

'595 

162  !  64.6 

1810 

31    19,8 

i,i6o 

76 

398     ' 

380 

S4I 

..6c» 

163     64.S 

33     20-3 

..[65 

77 

40.1      1 

38s 

S4.4 

.605 

164  ,  65,0 

1820 

34     M,9 

1. 170 

78 

40-S      1 

390 

54-7 

1610 

"65  ,  65.2 

1.82s 

3S  1  »'4 

'.'75 

79 

40.8      I 

39S 

5S.O 

1. 61 5 

166 1 65-5 

1.830 

36  1  21.0 

80 

400 

SS.2 

1.620 

167    65.7 

1.83s 

37  1  »-S 

kIss 

Si 

tre    1 

405 

■as 

555 

1-625 

168  65.9 

1-840 

3*  1  2J.O 

8j 

42.0  . 

410 

126 

55.8 

'-630 

169 

66.1 

1.81s 

39     »3  S 

'.'95 

83 

42.3   ' 

4TS 

117 

s6,o 

'-635 

170 

66.3 

t.850 

40  i  34.0 

84 

420 

128 

56-3 

1.640 

17' 

66.5 

i,85S 

4'  1  24- S 

i.»05 

85 

431    ' 

425 

129 

56.6 

1.64s 

172 

66.7 

i-S6a 

41  1  15.0 

S6 

43-4     ' 

430 

130 

56.9 

1.650 

'73 

67.0 

1.S65 

*3  1  *5.5 

1.21S 

87 

43-8     ' 

435 

INDEX. 


A. 

Abietic  anhydride,  791. 

Abraumsalzy  390. 

Absinthol,  784. 

Absorption  of   gases  by  liquids  and 

solids,  38. 
Absorption  spectra,  72. 
Acacia,  643. 
Acaroid  resin,  793. 
Acetal,  593. 
Acetaldehyde,  59a 
Acetamide,  631. 
Acetanilid,  698. 
Acetic  acid,  597. 

manufacture  of,  659. 

ether,  617. 

fermentation,  655. 
Aceto-acetic  acid,  614. 
Acetone,  594. 
Aceto-phenone,  715. 
Acetpara-phenetidin,  707. 
Acetylene,  274. 

series,  564. 
Acetyl-phenyl-hydrazid,  703. 
Achroo -dextrine,  642. 
Add  albuminates,  809. 

magenta,  734. 

magnesium  carbonate,  393. 
Acidimetry,  893. 
Acids,  117. 

Acids  and  bases,  detection  of,  877. 
Acids,  detection  of,  862,  870,  875. 
Aconine,  774.  ' 
Aconitine,  774. 
Acridine,  754. 
Acrolein,  593. 
Acrose,  636. 
Acrylic  acid,  601. 
Actual  energy,  21. 
Adamkiewicz's  reaction,  805. 


Adenin,  667. 

Adhesion,  24. 

Adipic  add,  608. 

Aerobic  fermentations,  655. 

yEsculetin,  798. 

./Esculin,  798. 

^ihcr,  585. 

Agathin,  703. 

Air,  218. 

Air-pump,  43. 

Alabaster,  370. 

Alanine,  604. 

Albumens,  807. 

Albuminoids,  807. 

Albumoses,  776,  810. 

Alcohol,  573. 

Alcoholic  fermentations,  653. 

Alcohols,  monatomic,  571. 

Aldehydes,  589. 

Aldoses,  633. 

Aldoximes,  590. 

Alizarine,  744. 

black,  742. 

blue,  746. 

brown,  746. 

orange,  746. 
Alkali-albuminates,  809. 
Alkalimetry,  893. 
Alkaline  earth  metals,  3601 
Alkaloidal  assay,  903. 

reagents,  757. 
Alkaloids,  extraction  of^  757. 
Alkannin,  801. 
Allantoin,  667. 
Alloxan,  666. 
AUox antic  acid,  666. 
Alloys,  53. 

analysis  of,  883. 
Allyl  alcohol,  577. 

ether,  586. 

isosulphocyanate,  672. 
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Allyl  sulphide,  588. 

sulphocyanate,  673. 
Aloin,  801. 
Aludels,  432. 
Alum  cake,  448. 
Aluminum,  443. 

and  ammonium  sulphate,  449. 

bromide,  447. 

bronzes,  446. 

chloride,  446. 

fluoride,  447. 

hydrate,  447. 

-methyl,  632. 

oxide,  447. 

phosphate,  449. 

reactions  of,  838. 

silicates,  449. 
Alums,  448. 
Amalgams,  433. 
Amber,  792. 
Amides,  628. 
Amido-acetic  acid,  603. 
Amido-benzene-sulphonic  acids,  697. 
Amido-butyric  acid,  604. 
Amido-caproic  acid,  604. 
Amido-phenols,  706. 
Amido-propionic  acid,  604. 
Amido-pyrotartaric  acid,  631. 
Amido-succinamide,  631. 
Amido-succinic  acid,  631. 
Amido-valeric  acid,  604. 
Amines,  628. 
Ammonia,  221. 
Ammonia  alum,  449. 
Ammoniac,  794. 
Ammonia-soda  process,  343. 
Animoniated  mercury,  441. 
Ammonium,  347. 

acid-sulphate,  353. 

benzoate,  720. 

bicarbonate,  355. 

bromide,  350. 

carbonate,  354. 

chloride,  348. 

hydrosulphide,  352. 

iodide,  351. 

mag;nesium  phosphate,  391. 

molybdate,  510 

monosulphide,  352. 


Ammonium  nitrate,  353. 

nitrite,  353. 

permanganate,  506. 

phosphates,  354. 

phosphomolybdate,  510. 

reactions  of,  824. 

sodium  phosphate,  354. 

sulphate,  352. 

sulphocyanate,  673. 

valerianate,  600. 
Ampdre,  95. 
Ampere-meter,  95, 
Amygdalin,  798. 
Amyl  acetate,  617. 

alcohol,  576. 

glycerin,  581. 

nitrite,  615. 
Amylene,  564. 

hydrate,  576. 
Amyloid,  644,  815. 
Atnylum^  639. 

Anaerobic  fermentation,  656. 
Analgene,  754. 
Analysis  of  allo3rs,  883. 

qualitative,  819. 

quantitative,  884. 
Anatase,  469. 
Angelic  acid,  602. 
Anglesite,  460. 
Aniline,  696. 

blue,  735- 

red,  733. 
Anisic  acid,  725. 

aldehyde,  717, 
Anisol,  707. 
Anisyl  alcohol,  716. 
Annatto,  802. 
Anode,  93. 
Anthracene,  743. 
Anthragallol,  746. 
Anthraoilic  acid,  721. 
Anthrapurpurine,  746. 
Anthraquinone,  744. 
Anthraquinone-sulphonic  acid,  744. 
Anthrarobin,  746. 
Anti-albumose,  810. 
Antifebrin,  698. 
Antimonic  acid,  483. 
Antimonous  acid,  483. 
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Antimony,  477. 

alloys,  480. 

and  potassium  tartrate,  61 1. 

black,  480 

cinnabar,  486. 

oxide,  482. 

pentachloride,  481. 

pentasulphide,  485* 

pentoxide,  483. 

reactions  of,  844. 

sulphide,  484. 

tests  for,  480. 

tetroxide,  483. 

tribromide,  481. 

trichloride,  481. 

trifluoride,  482. 

tri-iodide,  481. 

trioxide,  482. 

triselenide,  487. 

trisulphate,  484. 

trisulphide,  484. 
Anti-peptone,  810. 
Antipyrin,  675. 

salicylate,  676. 
Antithermin,  703. 
Apatite,  361. 
Apomorphine,  772. 
Aqua  regia,  235. 
Aquamarine,  394. 
Arabin,  643. 
Arabinon,  634 
Arabinose,  633. 
Arabite,  582. 
Arachidic  acid,  601. 
Arbutin,  798. 
Archil,  803. 

Archimedes,  principle  ofy  33. 
Arc- light,  loi. 
Area,  unit  of,  19. 
Argentite,  407. 
Aricine,  764. 
Arlstol,  708. 
Aromatic  acids,  718. 

amines,  695. 
Arsenic,  471. 

acid,  475. 

compounds,  reactions  of,  843. 

di-iodide,  473. 

disulphide,  476. 


Arsenic  oxide,  475. 

penta-iodide,  473. 

pentasulphide,  476. 

sulphides,  476. 

tests  for,  477. 

tribromide,  472. 

trichloride,  472. 

trifluoride,  473. 

trioxide,  473. 

trisulphide,  476. 
Arsenous  acid,  473. 

compounds,  reactions  of,  841. 

oxide,  473. 
Arsine,  472. 
Asafetida,  794. 
Asaprol,  742. 
Asbestos,  385. 
Asepsin,  698. 
Aseptol,  707. 
Asparagine,  631. 
Aspartic  acid,  631. 
Aspidospermine,  775. 
Assay,  alkaloidal,  903. 

of  aconite,  909. 

of  belladonna  leaves,  910. 

of  belladonna  root,  910. 

of  cinchona,  for  quinine,  908. 

of  cinchona,  for  total  alkaloids, 
907. 

of  cocoa,  910. 

of  coffee,  912. 

of  ipecac,  911. 

of  nux  vomica,  extract  of,  909. 

of  nux  vomica,  tincture  of,  909. 

of  opium,  U.  S.  P.  1880,  906. 

of  opium,  U.  S.  P.  1890,  905. 

of  opium,  deodorized,  tincture  of, 

907. 

of  opium,  tincture  of,  907. 

of  opium,  vinegar  of,  907. 

of  tea,  911. 
Atoms,  definition  of,  14. 

properties  of,  109. 
Atropamine,  763. 
Atropic  acid,  723. 
Atropine,  762. 
Aurantia,  699. 
Auric  bromide,  422. 

chloride,  421. 
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Auric  iodide,  43a. 

Bei.g^fire^386. 

oxide.  432. 

Iieiu».4«5- 

Aurio,  736. 

BeoMt  chloride,  691. 

AuraiB  bromide,  431- 

Benuldehyde,7l4. 

chloride,  411. 

iodide,  421. 

Beoanilid.  699.  7»a 

oxide.  431. 

BcDzeoe,  686. 

hjdrocarbon^«S7. 

Aiolttmin,  803. 

A«irite,430. 

Bmanmm,  560. 

B. 

Buteri^655. 

BcQioic  acid,  710. 

Bd«n».793. 

reactioni  of;  87 

anhydride,  710. 

BMira,  379- 

ether,  720. 

bromide,  38a 

Bemoin,  791. 

chlonte,  382. 

chloride,  380. 

eitimuion  oi;  S8& 

ehromrte.498. 

Benioyl  chloride,  7aa 

dioade,3«i. 

Beniyl  alcohol,  713. 

di«lph^.383. 

chloride,  691. 

dithiootte,  383. 

Bewylunine,  699. 

h]fdn«.38l. 

Betberine.  775- 

■odUe.38>. 

iodide,  380. 

Beryl.  393- 

muganue,  JOS- 

Bciyllium,  393. 

ulu  of,  39+. 

idtnte,  383. 

BetaToe,  604. 

ie«ctioD*  of,  826. 

Belol.  742. 

HlphUe,38l. 

BettendorfTs  test,  S44. 

Mlldiide.of,38i. 

Bilifuscin,  80I. 

B«wood,803. 

Tlilipra»n,  Soa. 

Bun  and  add.,  detection  of,  877- 

Bilirerdin.  S03. 

Bauc  lead  carbnude,  466. 

Binary  molecules,  113. 

B«»orin,643. 

Biunulh,  487. 

Buteiy,  Ihe,  g*. 

.Uoj-s,  489. 

Bawiie,  4*3. 

and  umnonium  citn 

Bdellium.  79S. 

butter.  489. 

Beeiwai.  618. 

chloride,  489. 

BellKlcoiiie,  7«3. 

citrate,  612. 

BelMnetal,  4SC> 

dichloride,  489. 
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Bismuth  dioxide,  490. 

hydrate,  49a 

nitrate,  490. 

ochre,  487. 

oxides,  490. 

oxyiodide,  489. 

reactions  of,  851* 

subcarbonate,  491. 

subgallate,  727. 

suhnitrate,  49a 

trichloride,  489. 

trihydrate,  490. 

tri-iodide,  489. 

trioxide,  490. 

trisnlphide,  493. 
Bismuthite,  487. 
Biuret,  664. 

reaction,  806. 
Bixin,  802. 
Blast-furnace,  5 1 2. 
Bleaching  powder,  567. 
Blister  copper,  425. 
Block-tin,  456. 
Blowpipe  flame,  8ao. 
Blue  glass,  824. 

▼itriol,  429. 
Boiling-point  detenninafioni,  543. 
Borax,  335. 

bead,  831. 
Boric  acid,  reactions  of,  868. 
Borneo],  784. 
Bomite,  424. 
Bomyl  acetate,  784. 

formate,  784. 

valerianate,  784* 
Boron,  254. 

hydride,  255. 

trichloride,  255. 

trifluoride,  256. 
Bouchard's  reagent,  757. 
Brandy,  659. 
Brasilin,  802. 
Brass.  395,  399. 
Brassidic  acid,  602. 
Braunite,  500. 

Brieger's  method  for  ptomaines,  76a 
Brin's  oxygen  process,  163. 
Britannia  metal,  456, 480. 
Brittleness,  25. 


Bromargjrrite,  413. 
Bromine,  143. 

moDochloride,  150. 
Bromoform,  569. 
Bronze,  456. 
Brookite,  469. 
Brucine,  773. 
Bunsen  burner,  820. 

cell,  94. 
Buojrancy  of  gases,  41. 
Burette,  892. 
Burette-holder,  893. 
Burgundy  pitch,  793. 
Burnett's  disinfecting  fluid,  40a 
Butenyl  glycerin,  581. 
Butter  of  antimony,  48 1. 
Butyl  alcohol,  575. 

chloral,  593. 
Butyraldehyde,  593. 
Butyric  acid,  599. 

fermentatico,  656. 

C. 

Cacodyl,  632. 

oxide,  632. 
Cadaverine,  630,  776. 
Cadmium,  405. 

bromide,  406. 

carbonate,  406. 

chloride,  406. 

hydrate,  406. 

iodide,  406. 

nitrate,  406. 

oxide,  406. 

reactions  of,  852. 

sulphate,  406. 
Caesium,  359. 

salts  of,  359. 
Caffeic  acid,  729. 
Caffeine,  667. 
Cailletct's  apparatus  for  liquefaction  of 

hydrogen,  128. 
Calamine,  395. 
Calcium,  360. 

bromate,  369. 

bromide,  363. 

carbonate,  374. 

estimation  of,  890. 

chlorate,  369. 
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Calcium  chloride,  361. 

dioxide,  366. 

disulphide,  370. 

fluoride,  363. 

hydrate,  365. 

h3rpochlorite,  367. 

hypophosphite,  373. 

iodate,  369. 

iodide,  363. 

monosulphtde,  369. 

monoxide,  364. 

nitrate,  371. 

phosphate,  372. 

potassium  sulphate,  371. 

reactions  of,  827. 

silicate,  374. 

sodium  sulphate,  37l> 

sulphate,  370. 

sulphide,  369. 

sulphite,  370. 

sulphydrate,  369. 

superphosphate,  373* 

thiosulphate,  371* 
Callaud  cell,  94. 
Calomel,  433. 
Calx,  364. 
Cambogic  acid,  795 
Camera,  75. 
Camphene,  781. 
Camphor,  783. 
Camwood,  803. 
Canada  balsam,  78a 

pilch,  793. 
Canadine,  775. 
Candle  manufacture,  625. 
Canlharidic  acid,  802. 
Cantharidin,  802. 
Caoutchouc,  783. 
Capillarity,  26. 
Caproic  acid,  600. 
Caprylic  acid,  600. 
Carbamic  acid,  663. 
Carbamide,  663. 
Carbazole,  730. 
Carbinols,  57 1. 
Carbohydrates,  632. 
Carbon,  265. 

dioxide,  277. 

disulphide,  283,  661. 


f 


Carbon  monoxide,  276. 

haemoglobin,  812. 

oxychloride,  662. 

oxysulphide,  661. 
Carbolates,  706. 
Carbolic  acid,  705,  874. 
Carbonic  acid,  661. 

esters  of,  662. 
reactions  of,  869. 
Carbonyl  sulphide,  284. 
Carbostyriles,  753. 
Carbylamines,  671. 
Carmine,  798. 
Carminic  acid,  798. 
Camallite,  385. 
Camine,  666. 
Carragheen,  643. 
Carvacrol,  708. 
Carvoxine,  782. 
Caryophyllene,  793. 
Casein,  810. 
CassePs  yellow,  464* 
Cassiterite,  455. 
Cast-iron,  512. 
Castor  oil  group,  622. 
Cathode,  the,  93. 
CedriMt,  731. 
Celestine,  376. 

Celluloid,  manufacture  ol^  6418. 
Cellulose,  644. 
Cements,  336,  45a 
Centre  of  gravity,  22 
Cera  alba^  618. 

flava^  618. 
Cerebrin,  799,  803,  814. 
Cerebrose.  799. 
Cerium,  453. 

oxalate,  453,  607. 

reactions  of,  838. 
Cerotic  acid,  601. 
Cerussite,  460. 
Ceryl  alcohol,  577. 

cerotate,  618. 

palmitate,  618. 
Cetaeeum,  617. 
Cetyl  alcohol,  577. 

palmitate,  617. 
Chairamidine,  764. 
Chairamine,  764. 
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Chaloopyrite,  424. 

Chalk,  560. 

C3iarcoia,  268. 

Cbemicml  balance,  conditioni  of  acco- 

facy  of,  23. 
Chili  saltpetre,  3ja 
China  clay,  450. 
Chitin,  799,  814. 
Chloracetic  add,  603. 
Chloral  ammonium,  59a. 

C]ranh3rdnte,  592. 

hydrate,  591. 
Chlonl-alcoholate,  591. 
Chlonlamide,  592. 
Oiloralimide,  592. 
Chloralose,  592. 
Chloral-uretliane,  663. 
Chloral-anil,  712. 
Chlor-anric  acid,  422. 
Chloric  acid,  reactions  of,  863. 
Chloride  of  lime,  367. 
Chlorinated  lime,  367. 
Chlorine,  131. 

monoxide,  177. 

peroxide,  179. 

trioxide,  178. 
Chloro-carbonic  add,  662. 
Chloroform,  568. 
Chlorophyll,  802. 
Chlorophyllan,  802. 
Chloroplatinic  add,  529. 
Choline,  630,  777. 
Chondrin,  814. 
Chondroitic  add,  8x4. 
Chondromucoid,  814. 
Chondrus,  643. 
Chrome  alum,  499. 

green,  495. 

iron  ore,  494. 

red,  499. 

yellow,  498. 
Chromic  acid,  495,  497. 
Chromite,  494. 
Chromium,  494. 

and  potassium  sulphate,  499. 

bromides,  495. 

chlorides,  495. 

monosulphide,  500. 

oxychloride,  496. 


Chromiom,  reactions  of,  839. 

sesquioxide,  495. 

sesqubulphide,  500. 
Chromoproteids,  81 1. 
Chrysaniline,  755. 
Chrysarobin,  747. 
Quysoldines,  702. 
Chrysophanic  add,  747. 
Cinchomeronic  add,  75<x 
Cinchonamine,  764. 
Cinchona-red,  769. 
Cinchonicine,  764. 
Cinchonidine,  764,  769. 

sulphate,  769. 
Cinchonine,  764,  768. 

sulphate,  769. 
Qnchotine,  764. 
Cinene,  782. 
Cineol,  784. 
Cinnabar,  431. 
Cinnamic  add,  723. 

aldehyde,  715. 
Cinnamyl  alcohol,  714. 
Citral,  785. 
Citric  add,  612. 

reactions  of,  873. 
Citronellal,  785. 
Classification  of   oiganic  compomnli^ 

551. 
Coagulated  albuminoids,  809. 

Coal,  270. 

gas,  274. 
Cobalt,  523. 

reactions  of,  832. 

silicates,  524. 
Cobalt -glance,  523. 
Cobaltic  oxide,  524. 

hydrate,  524. 
Cobaltous  chloride,  524. 

hydrate,  524. 

nitrate,  524. 

oxide,  524. 

sulphate,  524. 
Cocaine,  769. 

hydrt)chlorate,  770. 
Coccer}'!  alcohol,  579. 
Cocoanut-oil  group,  622. 
Codamine.  770. 
Codeine,  772. 
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Cberulignooe,  73I. 
Cohesion^  24. 
Coke,  268. 
Collagen,  814. 
ColItdiQe,  776. 
CoUidines,  750. 
Coliodioo,  644. 
Colophony,  780,  79I. 
Colored  bre  mixtures,  304. 

lights,  386. 
Columbite,  493. 
Columbium,  493. 
Combustion  and  illominatioii,  280. 

organic,  methods  of,  539, 
Com|>lementary  colors,  7 1. 
Compound  matter,  14. 
Concentrated  alum,  448. 
Conchairamine,  764. 
Conchairamidine,  764. 
Concusconine,  764. 
Condensation  of  vapois,  58. 
Condensers,  90. 
Conduction,  60. 
Conhydrine,  760. 
Coniferin,  799. 
Coniferyl-alcohol,  799. 
Comne,  751,  760. 
Conquinamine,  764. 
Conquinine,  768. 
Conservation  of  energy,  21. 
Convection,  61. 
Convolvulin,  799. 
Convolvulinol,  799. 
Copaiba  balsam,  793. 
Copaivic  acid,  793. 
Copal,  792. 
Copper,  424. 

alloys,  426. 

ammonium  sulphate,  429. 

arsenates,  430. 

arscnites,  430,  475. 

borate,  430. 

bromides,  427. 

carlx^nate,  43a 

chlorides,  426. 

fluoride,  427. 

glaiice,  424. 

hydrate,  428. 

iodide,  427. 


Copper  nitrate,  430. 

oxide,  427. 

phosphate,  430. 

reactions  of,  852. 

silicate,  430. 

sulphate,  428. 

estimation  of,  888). 

sulphides,  431. 
Copper-nickel,  521. 
Correlation  of  energy,  21. 
Corrosive  sublimate,  435. 
Corundum,  443. 
Cotoln,  802. 

Cotton-seed-oil  group,  621. 
Coumaric  acid,  728. 
Coumarin,  728. 
Cowle's  furnace,  1 01,  444. 
Creatine,  668. 
Creatinine,  668. 
Creosol,  710. 
CreMotum,  709. 
Mi-Cresol  salicylate,  725. 
Cresols,  707. 
Cresylic  acid,  708. 
Critical  angle,  68. 

pressure,  37. 
Crocoisite,  494.     - 
Croton  aldehyde,  593. 
Crotonic  acid,  602. 
Crucible  steel,  514. 
Crum*s  process,  831. 
Cryolite,  443. 
Cryptopine,  77a 
Crysoberyl.  394,  448. 
Crystallin,  808. 
Crysullization,  systems  of^  56ii 
Cubebin,  802. 
Cumene,  688. 
Cumic  acid,  722. 

aldehyde,  715. 
Cupellation  furnace,  408. 
Copreine,  764,  7661. 
Curcimiin,  802. 
Cuscamidine,  764. 
Cuscamine,  764. 
Cusconidine,  764. 
Cusconine,  764. 
Cyamelide.  671. 
Cyanamide,  672. 
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Cfanogen,  668. 
Cyanophfll,  Sox, 
C]ranaric  acid,  671. 
Cylinder,  gnuluated,  89a. 
Cymene,  688. 


Didynuum  oxides,  453. 

Diethyl  amine,  Cijo. 
Dietbylene-diamine,  6301 
Diffusion  of  gues,  37- 
of  liquids,  aj. 


Difunr 


Danlellcell,^}. 


Datur 


e.  76J. 


Decinonnal  solutions,  89I. 

TOlumeUic  solution,  iodine,  896. 

mercuric    polusium    io- 
dide, 901. 
oxalic  acid,  894. 
potassium      dicbranale, 

«97. 
potassium  liydnie,  895. 
potassium  petmonganate, 
898. 

hypotulphile, 


sodiiun 
897. 


sulphuric  acid,  896. 
Declination,  angle  of,  85. 
Dermatol,  727. 
Desiccator,  S85. 
Detection  of  acidi,  86>,  870,  875. 

of  bases,  825,  8z8,  834,  839,  847, 
8S3.  857- 

of  bases  tad  acids,  877. 
Dextrine.  643. 
Diabetin,  636. 
Diacetamide,  631. 
DiBcetin,  619. 
Dialiylene,  J65. 
Dialysis,  38. 
Dialywd  iron,  519, 
Diamond,  266. 
Diaplheiioe.  754. 
Diaspore,  443- 
Diastase,  65 1. 
Diatomic  alcoboU,  578. 

chloride.  701. 

nitrate,  702. 

stilphole.  701. 
Dicalcium  orthopbosphote,  373. 
Dicincbonicine,  764. 
Didymium,  453. 


I.  618. 


Digitileln,  799: 
Digitalin,  799. 
Digilaliresin,  799. 
DigilonelQ,  799. 
Digilonin  799. 
Diglloreiin.  799. 


Digitc 


1.799. 


Dihydroquinolines,  753. 
Di-iodo -salicylic  acid,  72$. 
DimelhyUmine,  639. 
Di methy Ian i line,  697. 
DinilriiU'iiienes.  693. 
Di-o.yflnibra<|uinone,  744. 
Dipalmitin,  619. 
Dipenlene,  78a. 
Diphenyl,  730. 
DiphcnyUmlne,  699. 
DIpbeiiyl-melhane,  73 1. 
Dippel's  uil  806. 
Diprapaifyl,  565. 
Di  pyridine,  750. 
Di[iyridy!,  750. 
Ditjmnicine,  764. 
Di&accli  arid  es.  634. 
Disodium  orthophospbate,  331. 
Distearin,  610. 
Dislillation,  5S. 

Distilled  liquors.  manufocIUTe  sf^  65S. 
Diterpeoes,  779-783. 
Dithymo1-di iodide,  708. 
Divisibility  of  matter,  14. 
DOglinic  acid,  603. 
Dolomite.  361,  3S5. 
Donovan's  solution,  473. 
Double  vilriol.429. 

DragendoriT's    method   for   alkaloids, 
759 
reagent,  757. 
Dragon's  blood,  793. 
Drying,  88;. 
Duboisine,  763. 
Ductility,  25. 
Dulcin,  664. 


tnidte.  05„ 
LnvsuL  i^ 
iMteii  viutie. 

ICO. 


Ftfirnr.  273, 


£«rtii,  c&e,  a  Tiayirr.  if. 
EbolIitsiML,  la-vi  '^  57. 

E/iecti  of  elecrrical 
Ef(g  albamen,  fto^ 

joik,  S08. 
Elaklic  acid,  60a. 
Elamkitj,  26. 
Elaatm,  815. 
Electric  belU,  9& 

piotential.  87. 
Electrical  condoctoa,  8& 

machines,  89. 
Electricity  of  frictioo,  87. 

positire  and  negatHc,  87. 

▼oltaic,  93. 
ElectrolyMA,  96. 
Klectro-magnetism*  97. 
Electrometers,  95. 
Elements,  classificatioD  ot,  lOJ. 
Elemi,  793. 

Emt>alming  fluids,  40a 
Emerald,  394. 
Emery,  443. 
Enuxlin,  747,  799. 
Empirical  formulas,  547. 
Etnpiastrum  plumbi,  623, 
EmuUin,  651. 
Energy,  conservation  of»  3t. 

<lrfinition  of,  20. 
Enzymes,  650. 
Eojiiii,  736. 
K|)S()m  salts,  390. 
Kiiuilibrium,  22. 

of  li(}uids,  20. 
Erbium,  453. 
Krucic  ncid,  602. 
Er>thritc,  581. 
Erj-thritio  noid,  610. 
Kr>tlm>  dextrine,  642. 
Er\thn\M\  (>i5. 
KstimAiiv>n  of  nitrogen,  912. 
Ethane^  56a 


I  EtfaiofB  nrinrral,  441. 
I  Edifl  acetate,  617. 

alcDJioI,  573. 

hmime,  688.. 

bRxnide,  567. 

bntyrate,  617. 

chloride,  567. 

ether,  585. 

fiHinate,  617. 

617. 

615. 
nitiite,  614. 

Hmistard  oil,  672. 

sdphate,  616. 

solphocjanatey  671. 
EthyUnune,  629. 
Ethylene,  563. 

diloride,  568. 

diamine,  63a 

glycol,  579. 

ovde,  586. 
Ethylidene  chloride,  568. 
Elhyl-phosphine,  632. 
Ethyl-solphonic  add,  588. 
Ethyl-sulphuric  add,  6l6. 
Eocalyptol,  784. 
Engenol,  710. 
Euphorbium,  795, 
Enphorine,  663. 
Euxenite,  452. 
Evaporation,  57. 
Exalgin,  698. 
Expansion,  5a 

and  compressibility  of  gases»  36. 
Exothermic  reaction,  47. 
Eye,  the,  77. 


F. 


Fatty-acid  series,  596. 
Fehling*s  solution,  634, 
Fenchol,  784. 
Fermentation,  650. 
Ferric  add,  519. 

bromide,  517. 

chloride,  517. 

fluoride,  518. 

hydrate,  518. 
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Feme  hjpophosphhe,  5aa 

iodide,  518. 

nitrate,  520. 

oxide,  518. 

phosphate,  520. 

pjrrophosphate,  5aa 

sulphate,  519. 

sulphide,  521. 
Ferroso- ferric  oxide,  519. 
Ferrous  bromide,  517, 

carbonate,  520. 

chloride,  517. 

fluoride,  518. 

hydrate,  518. 

iodide,  517. 

oxide,  518. 

phosphate,  520. 

sulphate,  519. 

estimation  of,  89OU 

sulphide,  521. 
Ferulalc  acid,  729. 
Fibrin,  809, 810. 
Fibrinogen,  809. 
Fibroin,  814. 
Filtration,  819,  885. 
Flame,  oxidizing,  820. 

reactions,  821. 

reducing,  820. 

structure  of,  281,  820. 
Flash-light  powders,  386. 
Flask,  liter,  892. 
Flavopurpurine,  746. 
Fleitmann's  test,  844. 
Fluid,  Prollius',  903. 
Fluorene,  731. 
Fluorescein,  736. 
Fluorine,  158. 
Fluor-spar,  361. 
Fly-stone,  472. 
Foot-pound,  20. 
Force,  definition  of,  20. 
Formaldehyde,  590. 
Formalin,  590. 
Formamide,  631. 
Formanilid,  698. 
Formic  acid,  596. 
Formose,  590. 

Forms  of   matter:   solid,  liquid,   gas- 
eous, 15. 


FowIer*s  solution,  475. 
Fractional  distillation,  543. 
Frangulin,  799. 
Frankincense,  795. 
Franklinite,  395. 
Fraunhofer*s  lines,  72. 
Freezing  mixtures,  56. 
Fructose,  636. 
Fuchsine,  733. 
Fucose,  633. 
Fumaric  add,  608. 
Furfiirane,  674. 
Furfurol,  674. 
Fusible  metals,  457. 
Fusing-point  determinations,  542. 

Q. 

Gadinine,  777. 
Gadolinite,  452. 
Gahnite,  448. 
Galactose,  636. 
Galbanum,  794. 
Galena,  460. 
Gallaceto-phenone,  716. 
Gallanilid,  699. 
Gallein,  710. 
Gallic  acid,  727,  875. 

reactions  of,  875. 
Gallium,  454. 
Gallotannic  acid,  727,  875. 
reactions  of,  875. 
Gamboge,  795. 
Gamierite,  521. 
Gatehouse's  test,  844. 
Geissler  lubes,  99. 
Gelatin,  814. 
Gelatinoids,  813. 
Gentianose,  634. 
Geranyl  acetate,  785. 

formate,  785. 
Geraniol,  784,  785. 
German  silver,  522. 
Germanium,  459. 
Gibb^ite,  443. 
Gin,  659. 

Glacial  acetic  acid,  598. 
Glass,  265. 

blue,  824. 
Gliadin,  810. 


Globulin*.  SdS. 
Uludnuia,  393. 
Gluco-proteids,  81 1. 


Glue 


=.*3S 


=,647. 

Glucosides,  ajliiicial,  797. 

enlraMioi.  of,  797,  904. 
Cluco-Tanillic  add,  799. 
Gluro-vanillin,  799. 

Glue,  814. 
Glutamine,  633. 
Glulanic  acid,  631. 
Gluten,  810. 
Glyceric  add,  608. 
GlycehDS,  579,  58a 
Glycerose,  633. 
Glyceryl  trinitrate,  £15. 
Glyoocoll,  603. 
Glycocyamine,  668. 
Glycogen,  643. 
Glycol  ic  acid,  60$. 

dinilrale,  615. 
Glycols,  578. 
Ulycoluric  acid,  665. 
Glycuronic  acid  6l^ 
Glycyrrbetin,  800. 
Clycynhizm,  799. 
Glyoialic  acid,  613. 
Gnoscopine,  770. 
Gold,  418. 

and  todium  chloride,  433. 
Golden  :su]phuret  of  aittiiiiaay,  48;. 
Cl>ld-pcn  points,  533. 
GraduBled  c;linder,  89I. 
Graphite.  266. 
Grmvimetric  processes,  884. 
Gravitation,  31. 
Gray  iron,  513. 
Green  iodide  of  inerciU7, 43& 

^-itriol,s.9. 
Greenock  ile,  405. 
Grove  ceil,  94. 
Gnaiac  naa   791. 
Guaiacol   709. 
Guanidine,  667. 
Guanine,  667. 
Guignel's  green,  495. 
Gum  arabic,  643. 

resins,  794. 


Gnn-cotlon,  644,  648L 
Gunmetat,  426,  456. 
Gunning  melliod,  9I4, 
Guijun  bal^m,  793. 
Guila-perctia,  783. 
Gutzeit's  lest,  843. 
Gypsum,  361. 


Hiemateln,  803. 
Hxmatia,  813. 
Hxmatolin,  813. 
Kxinatoxylin,  S03. 
Hxmin,  8 1 3. 
Haemoglobins,  813. 
H*raoporphvrii..  813. 
Haeci-s  regent,  757. 
Halogen  deriTatives  of  the  aeetjrlea 
»eiie».  570. 
of  the  olelines,  570. 
of  the  parafGnt,  566. 
Hamburg  while,  469. 
Hard  resins,  79t 
Hardness,  35. 
Hausmannile,  501. 
Heat,  effects  of,  48. 

nature  of,  46. 

radiant,  60. 

lonrces  of,  46, 

transmisuoo  of,  59. 
Heavy  Sj.ai.  379. 

Helicin.  80a 
HeliMTopine,  718. 

Hellcborein,  600. 
Ilclleboriu,  Soo. 
Helvetia  gretii,  733. 
Hen 
Hen 


t.SII- 


c,  8ia 


Heniimdlllic  acid.  733. 
Hemipeptone.  810. 
Hcmiteipenes,  779. 
ileptatomic  alcoboli,  583. 
Heptoses,  633. 
heplyl  alcohol.  S77. 
Herapalhite,  766. 
Hesperidene,  781. 
Heiabioses,  634, 
Heiahydropyridine,  751. 
Hexatomic  alcohols,  583. 


HcioMS,633- 

HmjI  alccbd,  S7& 

gtirMfin,  581. 
H«;lene  flyeol,  $19- 
Hipparic  add,  jao. 

Holder,  buieiie,  S93. 
llonuUTOpiDC,  763. 
HoawciDchoDidioe,  764- 
Houutogoiu  -wriM.  SS"^ 
Homopyrocatechin,  7HX 
Horn  silver,  407. 
Hotse-power  ». 
Hjalinc^  itx. 
njilogcDs,  813. 
Hrdauioic  tcid,  665. 
HydanlOIi),  665. 
Hjdncelia.  703. 
HrdnorUc  add,  606. 
HjrdiaHiDe,  775. 
Hfdralrs,  reco^ition  ct,  S 
Hfdnuopic  acid,  7  3  !• 


I«e»,  39. 
Hrdrannes,  Jlj,  7«»*- 
iiydriodic  add,  itacliooia^  861, 
Hrdrabraouc  add,  ifc6m  ot,  $60. 
HTdrocUaric  add,  reaettot  at,  StioL 
tlfdrocmchoflidine,  764. 
Hjilrocinchoniac,  764. 
HydrociiinuDic  add,  731. 
HfdiDcollidiac.  776. 
HfilrocoUunine,  770. 
Iljdn>ciinuiic  add.  725. 
HjdrDqtoicdcid.  i«actioiu<rf,862, 
HTdioferricTUiic  add,  869. 
HjdroferrocTinic  add,  S69. 
HjdToflDOTic  add,86i. 
Hjdzogen,  114. 


anenide,  471. 
bmmide,  146, 8tio. 
ditonde,  137,  S60. 
cjtiade,  669. 
dioxide,  174. 
fluoride,  159,861. 
iodide,  155.861. 
pcnalphide.  194. 
phoiphide,  Z42. 


or,S63. 


3C.  935 

Hrdiogen  nlpUde,  191, 864. 
Hjdiomcicn.  35. 
HydrDqciiaidine,  764. 
HydroquLnine,  764. 
Hydroquinotie,  7a9> 
Hydn»Iatic  balance,  32. 

paiadol,  30, 
Hydroiulphuric  add,  191,  864. 
HyoKioe,  763. 
Ilyoscyamine.  763. 
Hypnal,  $91,476. 
Hypnone.JlS. 
liypochlorous  add,  R 
Hjpog.cic  acid,  602, 
Hjpophasjjliorous   add,  readioiu  ot, 

867. 
Kypoxiuiibinc,  667. 


iBamriiie,  773. 
Ignition,  886. 
lDC>iule*cent  lai^  lOJ; 
lodicaa,  800. 
I»*p>,  737. 

Indifjo-nilpboiiic  adda,  73^ 
lodieo-whilr,  737. 
Indinm,  454. 
iDdol.  738. 
iDdoxyl,  738. 
Induction  coil,  99. 

Toluic,  97. 
Inmia,  20- 

IniitiD,  641. 
Invertin.  651. 
lodargyrite,  413. 
Iodine,  150. 

{icnioxide,  185. 
loduf'jim  5f<». 
lodol.  675. 
lodo-pyrin,  676. 
Iod»-iul[>hite  of  qi 
Iridiui 


.53* 
crjmpoundi  of.  53*. 


936 


Iron,  ferroas,  Ractiom  of,  836, 

ferric,  reactions  of,  837. 

lacUle,  606. 

valerianate,  6oaL 
batin,  73S. 
Iio-amyl  bulyiate,  £17. 

caprinale,  617. 

iso' valerate,  617. 

nitrite,  615. 
Iso-bomeol,  784. 
Isobulyl  alcohol,  57S. 
Isobulyric  acid,  599. 
Isocyanic  acid,  671. 
iMmalloM,  63S. 
Isomerism,  547- 
Iionitri1e»,67i. 
laonitroso-antiiTria,  676. 
Isoprcne,  783. 
Isovaleric  acid,  6oa 


Jalapinol,  799. 
JapaconiDe,  774. 
Japaconitine,  774. 
Javanioe,  764. 
Jervioe.  774. 
Juniper-tar,  793, 

K. 

Kairine,  7S4. 
Kairoline,  754- 
Kaolin.443- 
Kauri  resin,  793. 
Kerai-gyrite,  413. 
Keratins,  813. 
Keme;  mineral,  485. 
Ketones,  S94. 
Ketoses,  633. 
Ketax,iffles,  S9O- 
Kieserile,  385. 
Kilogram-meler,  20. 
KjeMab!  prXiiS,  S43t9IL 
Koball-re»,  jaj. 
Kynuric  acid,  754. 


lactic  acid,  605,  873. 
feniienlation,  656. 
Lactose,  638. 


Lampblack,  37a. 
Lantern,  the  projecting,  75. 
Lanthaaum,  453. 
Lantbopine,  770. 
Lapis  lazuli,  451. 
Lor^  oil  group.  623a 
Lardacein,  81  j 
Latent  heal,  48. 

I.  S3- 
Laudanine.  770. 
Laudinosine,  77O. 
Laurie  acid,  600. 
Laorite,  531. 

Law  of  definite  proportions,  130. 
of  multiple  proportions,  I30. 
Laws  of  combiQiilioni  by  volume,  130 


of  fusi 


1.53- 


Lead.  460,  856. 

acetate,  59S. 

allojri,  463. 

borates,  466. 

bromide,  465. 

caitenaie,  466. 

chlorides,  464. 

cbromate,  49S. 

dioiide,  464. 

ethjl,  631. 

fluoride,  46 J. 

furnace,  4G1,  463. 

hydrate,  464. 

iodide,  465. 

methyl,  633. 

nitrate,  466. 

oxides,  463. 

phosphate,  466. 

silicates,  466. 

sulphate,  465. 

sulphide,  469. 
Leblanc  soda  procesf,  339. 
Lechlsnchi  cell  94. 
Lecithin,  630,  803. 
Length,  unit  of,  19. 
Lenses,  68. 
Leucaniline,  733. 
Leucine,  604. 
Leucomaloe*,  775. 
Levulinic  acid,  614, 
Levulose,  636. 
Leyden  jar,  91. 
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Lichenin,  642. 

IJeberkahn*8  alkali-albiimiiuite, 
Liebeiiiuum*s  reaction,  806. 
Light,  intensity  of,  64. 

polarization  of,  78. 

reflection  of,  65. 

Telocity  of,  64. 
Lignin,  645. 
Lignoceric  acid,  6oi. 
Lime,  364. 
Lime-kiln,  365. 
Limestone,  360. 
Lime-water,  366. 
Limonene,  781. 
Linalool,  784. 
Linaloyl  acetate,  785. 
Linnseite,  523. 
Linoleic  add,  603. 
Linoyl  formate,  785. 
Linseed-oil  group,  621. 
Liquidambar,  794. 
Liquorice- root,  799. 
Liter  flask,  892. 
Litharge,  463. 
Lithium,  355. 

bicarbonate,  358. 

benzoate,  720. 

bromide,  357. 

carbonate,  357. 

chloride,  357. 

citrate,  612. 

oxide,  357. 

phosphate,  357. 

-potassium  sulphate,  357. 

reactions  of,  824. 

salicylate,  724. 

sulphate,  357. 
Litmus,  710,  803. 
Liver  of  antimony,  486. 
Lobeline,  761. 
Lode-stone,  81. 
Logwood,  803. 
Losophan,  708. 
Lunar  caustic,  416,  418. 
Lutidines,  750. 

M. 

Madder-root,  800, 
Magdeburg  hemispheres,  39. 


809. 


Magenta  red,  733. 
Magnesia,  388. 
Magnesite,  385. 
Magnesium,  385. 

arsenate,  391. 

borate,  391. 

bromide,  387. 

carbonate,  392. 

chloride,  387. 

fluoride,  388. 

hydrate,  389, 

iodide,  388. 

nitrate,  391. 

oxide,  388. 

oxychloride,  387. 

phosphate,  391. 

reactions  of,  827. 

silicates,  393. 

sulphate,  390. 

estimation  of,  889. 

sulphite,  389. 
Magnetic  force,  lines  of,  83. 

induction,  83. 

pyrites,  521. 
Magnetite,  511. 
Magnets,  81. 
Malachite,  424. 
Malachite-green  dyes,  732. 
Maleic  acid,  608. 
Malic  acid,  608,  873. 
Malleability,  26. 
Malonic  acid,  607. 
Mailing  and  brewing,  657* 
Malto-dextrine,  642. 
Maltose,  638. 
Mandelic  acid,  726. 
Manganese,  500. 

alloys,  501. 

reactions  of,  830. 

sesquioxide,  502. 

sulphides,  507. 
Manganese-blende,  501. 
Manganese-spar,  501. 
Manganic  acid,  504. 

arsenate,  509. 

chloride,  502. 

hydrate,  502. 

phosphate,  509. 

sulphate,  508. 
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Manganoso-manganic  oxide,  5^3* 
Manganous  bromide,  502. 

carbonate,  509. 

chloride,  502. 

hydrate,  502. 

iodide,  502. 

nitrate,  508. 

oxide,  502. 

phosphate,  508. 

sulphate,  507. 
AlannOf  582. 
Mannite,  582. 
Mannose,  635. 
Marble,  360. 
Margaric  acid,  601. 
Mariner's  compass,  85. 
Marl,  511. 

Marmi's  reagent,  757, 
Marsh's  test,  842. 
Martins'  yellow,  741. 
Mass,  unit  of,  19. 
Mastic,  792. 
Matter,  definition  of,  13. 

distinction    between    simple    and 
compound,  14. 
Mayer's  reagent,  757. 

solution,  901. 
Mechanical  equivalent  of  heat,  47. 
Meconic  acid,  770. 
Meconidine,  770. 
Meconin,  770. 
Meconoisin,  770. 
Meerschaum,  385. 
Melabiose,  634. 
Melampyrite,  583. 
Meletriose,  638. 
Melezitose,  634. 
Melilotic  acid,  725. 
Melissic  acid,  601. 
Mellitic  acid,  723. 
Mellophanic  acid,  722* 
Menthene,  785. 
Menthol,  785. 
Menthone,  785. 
Menthyl  acetate,  785. 

formate,  785. 

ISO  valerianate,  785. 
Mercaptans,  587. 
Mercaptols,  587. 


Mercuric  anmionium  chloride,  441. 

bromide,  436. 

carbonate,  440. 

chlorate,  439. 

chloride,  435. 

cyanate,  440. 

cyanide,  440,  669. 

diammonium  chloride,  442. 

fluoride,  438. 

iodide,  437. 

nitrate,  440. 

oxide,  red,  438. 

oxide,  yellow,  438. 

oxysulphate,  439. 

phosphate,  440. 

salts,  reactions  of,  850. 

sulphate,  439. 

sulphide,  441. 

sulphocyanate,  672. 

thiocyanate,  441. 
Mercurous  ammonium  chloride,  441. 

bromide.  436. 

carbonate,  440. 

chlorate,  439. 

chloride,  433. 

fluoride,  437. 

iodide,  436. 

nitrate,  439. 

oxide,  438. 

phosphate,  440. 

salts,  reactions  of,  856, 

sulphate,  439. 
Mercury,  431. 

cyanide,  669. 
Mercury-ethyl,  632. 
Mercury-formamidate,  631. 
Mercury-furnace,  432. 
Mercury-methyl,  632. 
Mesitylene,  688. 
Meso-tartaric  acid,  612. 
Metaldehyde,  591. 
Metanilic  acid,  697. 
Metantimonic  acid,  484. 
Metantimonous  acid,  483. 
Meta-phenylamine  diamine,  70a 
Metaphosphoric  acid,  reactions  of,  868. 
Metastannic  acid,  458. 
Meteoric  iron,  511. 
Methacetin,  707. 


A.. 
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Methane,  372,  559. 
Methyl  acetanilid,  698. 

alcc^iol,  573. 

aniline,  697. 

anthracene,  747. 

chloride,  567. 

Conine,  751. 

ether,  585. 

•ethyl  ether,  586. 
ketone,  594. 

hydantoic  acid,  665* 

hydantoin,  665. 

iodide,  567. 

mustard  oil,  672. 

nitrate,  614, 615 

-nonyl  ketone,  595. 

pyridine,  750. 

salicylate,  724. 

sul  phonic  acid,  588. 

violet,  734. 
Methylal,  593. 
Methylamine,  629. 
Methylene  chloride,  568. 
Microcosmic  salt,  354. 
Microscope,  compound,  74. 

simple,  73. 
Milk  albumen,  808. 
Milk  of  lime,  366. 
Millerite,  521. 
MilIon*s  reagent,  805. 
Minium,  464. 
Mirage,  68. 
Mirbane  oil,  693. 
Mirrors,  65. 
Mispickel,  471. 
Mixed  ethers,  584. 
Mobility,  20. 

Molecular  attraction  and  repulsion,  23. 
Molecule,  definition  of,  14. 
Molybdenum,  509. 

pentachloride,  509. 

trioxide,  509* 
Molybdic  acid,  509. 
Monoacetin,  619. 
Monobromated  camphor,  784. 
Monobromo-benzene,  691. 
Monochloral  antipjTin,  676. 
Monochloro  benzene.  691. 
Monoformin,  618. 


Monoiodo-benzene,  691. 
Monopalmitin,  619. 
Monosaccharides,  633. 
Monosodium  orthophosphate,  332. 
Monostearin,  620. 
MonsePs  solution,  520. 
Atorphima  acetas^  772. 
Morphine,  771. 

hydrochlorate,  772. 

sulphate,  772. 
Mortars  and  cements,  366. 
Mosaic  gold,  458. 
Motion,  19. 
Motors,  electric,  loi. 
Mottled  iron,  513. 
Mucedin,  810. 
Mudc  acid,  613. 
Mucins,  811. 
Mucoids,  811. 
Murexide  test,  666. 
Muscarine,  777. 
Muscle  albumen,  808. 
Mydriatic  alkaloids,  762. 
Myosin,  808. 
Mjrricyl  alcohol,  577. 

cerotate,  618. 

palmitate,  618. 
Myristic  acid,  60a 
Myronic  acid,  8(X>. 
Myrosin,  651. 
Myrrh.  795. 
Mytilotoxine,  777. 

N. 

Naphthalene,  739. 

tetrachloride,  740. 
Naphthozarine,  742. 
Naphihenes,  689. 
Naphthoic  acids,  742. 
a-Naphthol,  741. 
;.?-Naphlhol,  742. 
Naphthol  yellow,  741. 
Naphtho-pyrin,  676. 
,i-Naphihyl  salicylate,  742. 
Naples  yellow,  484. 
Narceine,  772. 
Narcotine,  772. 
Neo-(li(lyniium,  453. 
Neuridine,  776. 
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NenriM,  630,  777. 
NeiUD-keratiD,  814. 
NicLel,  521. 

allocs,  513. 

roctioDS  of,  S33. 
Nicketic  hrdme,  533. 

oxide,  513. 
Nickelous  chlonde,  533. 

cytoide,  533. 

hjnliaie,  533. 

oxide,  513. 

sulptKte,  533. 

sulphide,  533. 
Nia>1's  prism,  79. 
Nicotine,  751,  761. 
Nicotinic  acid,  750. 
Niobates,  493. 
Niobium,  493. 
Nitraoi lines,  697. 
Nilric  acid,  r«actiam  of,  866. 
Nilrilcs.  671. 
^Nitio-aliiarine,  746. 
Nitro-benzaldehrde,  715. 
Nilro- benzene,  693. 
Nitro- cellulose,  644. 
Nilroerylhrite,  616. 
Nitroglycerin,  615,  637. 
Nilro- mannile,  616. 
o-Nilro-phenyl-propiolic  acid,  J, 
Nitro-loluenes,  694. 
Nilrc^Q,  316. 

chloride,  136. 

dioxide,  319. 

fluoride,  316. 
iodide,  336. 
moQoiide,  337. 
penloxide,  33 1. 
sulphide,  236. 
tetroxide,  330. 

Nitrol amines,  778. 
Nitrosiies,  778. 
Nilrosochloride-lerpenes,  778. 
NitTosyl  bromide,  336. 

chloride,  336. 
Nonalomic  alcohols,  583. 
Nonose5,  634. 
Normal  solulions,  893. 
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Oil  of  spearmint,  789. 

of  sweet  birch,  787, 

of  thyme,  791. 

of  turpentine,  780. 

of  wintergreen,  789. 
Oils,  essential,  786. 
Oleic  acid,  602,  872. 
Olefine  series,  562. 
Oleomargarine,  626. 
Oleo-resins,  793. 
Olibanum,  795. 
Olive  oil  group,  62I. 
Opacity,  64. 
Opium,  771. 

Optical    properties    of  organic    com- 
pounds, 546. 
Orcein,  710,  803. 
Orcin,  710. 
Orexine,  754. 

Organic  compounds,  analysis  of,  538. 
Orizabin,  795. 
Orpiment,  471. 
Orseille,  803. 
Orsellinic  acid,  726. 
Ortho- carbonic  ether,  587. 
Orthoformic  ether,  586. 
Orthophosphoric  acid,  reactions  of,  867. 
Ortho-sulphamid-benzoic  acid,  721. 
Osazones,  635. 
Osmic  acid,  533. 
Osmiridium,  532. 
Osmium,  532. 

compounds,  532. 
Ossein,  814. 
Oxalic  acid,  607. 

reactions  of,  872. 
Oxaluric  add,  665. 
Oxides,  recognition  of,  882. 
Oxidized  silver,  418. 
Oxidizing  flame,  820. 
Oxy-benzyl  alcohol,  716. 
Oxybutyric  acid,  606. 
Oxycitric  acid,  613. 
Oxygen,  16 1. 
Oxyhsemoglobins,  8l2« 
Oxyhydrogen  blowpipe,  168. 
Oxyhydroquinone,  710. 
Oxy-naphthoic  acids,  743. 
Oxynarcotine,  770. 


Ozone,  166. 


P. 


Paints  and  varnishes,  628. 
Palladium,  531. 

chlorides,  531. 

hydrates,  532. 

hydride,  531. 

oxides,  532. 
Palmitic  acid,  600. 
Palm  oil  group,  622. 
Pancreatinum,  652. 
Papain,  652. 
Papaverine,  772. 
Paper,  manufacture  of,  648. 
Parabanic  acid,  665. 
Parabromacetanilid,  698. 
Paracyanogen,  668. 
Paraffin  series,  557. 
Paraffine,  560. 
Paraldehydum^  59'* 
Para-leucaniline,  732. 
Paraphenylamine-diamine,  700i 
Para-rosaniline,  732. 
Paricine,  764. 
Paris  green,  430,  475,  599, 

white,  375. 
Parvoline,  777. 
Pattinson's  process,  407. 
Paytamine,  764. 
Paytine,  764. 
Pearl  white,  489. 
Pectase,  652. 
Pelargonic  acid,  6oo. 
Penta  erythrite.  581. 
Pentamethylene-diamine,  630. 
Pentatomic  alcohols,  581. 
Pentoses,  633. 
Pepsin,  652. 
Peptones,  810. 
Perchlor-ethane,  57a 
Percussion  caps,  485* 
Periodic  system,  285. 
Permanent  white,  383. 
Permanganic  acid,  507. 

anhydride,  507* 
Perseite,  583. 
Peru  balsam,  793. 
Petrolatum  durum,  B.  P.,  56I. 
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Petralalum  liquiJum,  561. 
molle,  56 1 . 
ifismm,  561. 

Pelroleum  industry,  SS*- 
Pewter,  456. 
PhellMidreDe,  783. 
Phenacetin,  707- 
PhenicLie,  394. 
Pbenaiithren,  747. 
FhcnBiilhren -qui  none,  748, 
Hienelidins,  707. 
Phenelol.  707 
PhenocoU,  707. 
Phenol,  70s 

acidi.  71 9. 
JTienol  phihalrfQ,  73*- 
Phcnol.iulphonic  •eidf,  J07. 
PheDose,  711. 
Phenyl-acetic  idd,  731. 
Pheoyl-acetylene,  689. 
Fhen}Umtne,  696. 
Phenyl- chlorofono,  69 1. 
Phenyl -dimethyl-pyiMoloii,  675. 
Phenyl -hydraiine,  703. 
Phenyl -hydtuine-leToIink  add,  703. 
Phenyl -methyl  ketone.  71S- 
Phenyl-propiolic  Biid,  723, 
Phenyl-propionic  acids,  711. 
Phenyl -propyl- alcohol,  7 1 4. 
Phenyl -salicylate,  7*5. 
Phlotetin,  Soo. 
Phloridiin,  Soo. 
Phlon^lucin,  710, 
PhiMphaies  of  Granp  II. ,  detection  of, 

872. 
Phosiihomolybdic  acid,  510. 
Phosphor  broDie.  456. 
Phosphoni,,  237. 

onide,  246. 

oxybroiDide,  IS3' 

oxy chloride,  IS'- 

penlabroiriide   144. 

penlachlnri'.le.  244. 

penioxide,  248. 

iribrotnide,  244. 

trichloride,  343. 
Photography,  76. 
Photometer,  64. 
Phthalic  ackli,  72I. 


Phlhalic  Hnhydride,  733. 

Physetolic  acid,  601. 

Physical  and  chemical  changet,  15. 

sciences,  definition  of,  13. 
Physics,    relationship  with   cheoiutiT, 

>3. 
Pfaysostigmine,  775. 
Picoline,  750. 
Picolinic  acid,  7S0. , 
Hcraconine.  774- 
Picraconitine,  774. 
Picric  acid,  706. 
PiCTOtoxin,  803. 
Pilocarpine,  775- 
Pinacone,  J  79. 
Pinchbeck,  426. 
Pinene     79. 

Iiydiochloride,  780. 
Pinile,  711. 
Pinol,  7a4. 
Piperaiin,  630. 
Pipcric  acid,  775. 
Piperidine,  751,  760. 
Piperine,  77  s. 
Piperonal,  718. 
Piperonyl  alct^iol,  716. 
Pilch -blende,  51a 
Rturine,  761- 
Plulink  bromide,  S19- 

chloride,  S39. 

hydrate.  S30. 

iodide,  S30- 

sulphide,  530. 
Hatinous  bromide,  $39- 

chloride,  519. 

hydrate.  53a 

iodide,  S29. 

oxide,  iy>. 
Platinum,  535. 

black,  528. 

furnace,  537. 

reactions  of,  847. 

sponge,  528. 
Polariscope,  80. 
PoUrity,  83. 
Polariialion  of  light,  78. 
Polyterpenes,  779,  783. 
Populin,  800. 
Porosity,  17- 


itntUnd  ctawnt,  450- 
Poiosh  alum,  449. 
FoUiio,  iulphuraicd,  306. 

aceUIe,  598. 

and  sodium  Uitiate,  6lt. 
tisetiile,  474- 
bicarbonate,  315. 
bicbn>raa[e,  497. 
bisulpluUe,  308. 
bisulphile,  306. 
biovlrate,  611. 
bromale,  304. 
bromide,  197. 
carboDMe,  313. 
chlorate.  302. 
chloride,  196. 
chnmute,  497. 
citrate,  6l>. 
cjulate,  316. 
cytnide.  31S,  669- 
fetricyanide,  670. 
fenocyuiide,  67(X 
fluoiide,  Z96. 
fluosilicue,  313. 
hydrate,  300, 
hydride,  igj. 
bydrosulphide,  306. 
hypochlorite,  303. 
hypophosphite,  311. 
iodate.  30S- 
iodide.  298. 

mangaoate,  504. 
metaboraie,  3II. 
meuini:iiiiTuie,  4S4. 
meUplhi5iih.UL',  31a 
monosiil|iiii(lc.  305. 

nimte,  estimation  of,  S8S. 

oithoplio&phuea.  JtOt 
perchlorate.  3(14. 
ptriodaic,  joS 
permanpinalei  505. 
pyriian[i»b.!!.i[i',484- 
pyn-ii)li...;.!ijio,3io. 
pytosulphale,  308. 
pyrosulphite,  307. 
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silicate,  311. 

sulphate,  307. 

mlphite,  306. 

sulphocyaaate,  316, 671. 

lamate,  611. 
Potential  cncrey,  ai. 
Fotteiy  and  ceramks,  449> 

kilns,  4Si.4Sa. 
Powder  of  Algaroth,  481. 
PrH5eo-didyniiiini,4S3- 
PreciiiiiiLiiiii.  Sio,  885. 
Preboitic  acid,  713. 
Prepared  chalk,  375. 
Frqmriiig  salts.  458. 
pRsnue  of  liqnidi,  38. 

0/  the  atmosphere,  39. 

upon  bodies  immersed  in  liquids, 
3'- 
Primary  alcohols,  571. 
Printer's  ink,  628. 
Prisms,  68. 
Processes,  gravimetric,  884. 

Tolumetric,  J9J. 
Prolllus'  tluid,  9g3. 
Proof  spirit,  659. 
Propane,  560. 
Prapaigyl  alcoliol,  578. 
Ptnpeities  of  matter,  genera],  i6> 
Piopidlit  jciil,6o3. 
Pro]nnniia,id.S99. 
Propyl  aUiihol  S7S- 
Propyl  amine,  619. 
Propylene.  564, 

glycol,  579, 
Propyl-mustard  (Ml,  673. 


Lpyri' 


i.Soj, 


-,  750- 


Fr..,. 

I'r, 

PioieJrtsS 

Ptolocaiecliuie  acid,  736. 

aldehyde,  717. 
/'Crrsol  sal  icy  Isle,  7iS- 
PfWopine.770, 
Protoseratiidine  775. 
Proiovpiairine,  774. 
Pni^suc  acid  669 
Pseudaconinc,   74. 
^udaccin  ii  i  ne ,  77<i. 
I^ado-canbf  drine,  70a 
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Pseudo-jeryine,  774, 
Pseudomorphine,  770. 
Ptomaines,  775. 
Ptyalin,  651. 

Pumps,  condensing,  lifting,  and  suc- 
tion, 44. 
Purpurine,  746. 
Putrescine,  630,  776. 
Putty  powder,  457. 
Pyridine,  749. 

Pyridine-carboxylic  adds,  75a 
Pyrite.  511. 
Pyrocatechin,  708. 
Pyrodine,  703. 
Pyrogallol,  710. 
Pyroligneous  acid,  597. 
Pyrolusite,  385,  500. 
Pyromellitic  acid,  723. 
Pyromucic  acid,  674. 
Pyrophosphoric  acid,  reactions  of,  868. 
Pyroracemic  acid,  613. 
Pyrotartaric  acid,  608. 
Pyroxylin  t  644,  648. 
Pyrrol,  675. 

Qualitative  analysis,  819. 
Quantitative  analysis,  884. 
Quartz,  262. 
Quassin,  803. 
Quebrachine,  775. 
Quercetin,  800. 
Quercite,  711. 
Quercitrin,  800. 
Quinaldine,  753. 
Quinaldinic  acid,  754. 
Quinamine,  764. 
Quinic  acid,  728,  769. 
Quinicine,  764. 
Quinidine,  764,  768. 

sulphate,  768. 
Quinine,  764,  765. 

hydrobromate,  768. 

hydrochlorate,  768. 

sulphate,  767. 

valerianate,  768. 
Quininic  acid,  754. 
Quinoidine,  769. 
Quinoline,  752. 


Quinoline  hydrochlorate,  755. 

salicylate,  753. 

Urtrate,  753. 

yellow,  753. 
Quinolinic  acid,  750. 
Quinone,  712. 
Quinovic  acid,  769. 
Quinovin,  769. 

R, 

Racemic  acid,  611. 

Raffinose,  638. 

Rare  earths  and  metals,  452. 

Reagent,  819. 

Reagents  in  the  dry  way,  820. 

in  the  wet  way,  819. 
Realgar,  471. 
Recovery  of  sulphur  in  Leblanc  soda 

process,  189. 
Red  fire,  379. 

iodide  of  mercury,  437. 

lead,  464. 

liquor,  599. 

oxide  of  mercury,  438. 

precipitate,  438. 

saunders,  803. 
Reduced  haemoglobin,  8l3« 

iron,  516. 
Refraction,  66. 

double,  78. 
Reinsc    ^  test,  843. 
Relation  of   molecules  and  Tolumes,. 

119. 
Relationship  of  chemistry  and  physics^ 

Rennin,  652. 
Resorcin,  709. 
Rhamnetin,  801. 
Rhamnite,  582. 
Rhamno-hexite,  583. 
Rhanmose,  633. 
Rhodamin,  736. 
Rhodium,  530. 

compounds,  53a 
Rhoeadine,  770. 
Ribose,  633. 
Ricinoleic  acid,  603. 
Rinmann's  green,  524. 
Rocellic  acid.  608. 
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Rosaniline,  733. 

Rose's  fusible  metal,  53, 489^ 

Rosin  oil,  791. 

spirit,  791. 
Rosolic  acid,  736. 
Ruberythric  add,  8oa 
Rubidium,  358. 

salts  of,  359. 
Rubijenrine,  774. 
Ruby,  443. 
Rum,  659. 

Russian  turpentine  oil,  78a 
Ruthenium,  530. 

compounds  of,  $$l. 
Rutile,  469. 

S. 

Saccharic  add,  613. 
Saccharine,  721. 
SaccharomyceSt  653. 
Saccharum,  637. 

lactist  638. 
Sagapenum,  794. 
Salicin,  801. 
Salicyl  aldehyde,  717. 
Salicylic  add,  724. 

reactions  of,  874. 
Saligenin.  716,  801. 
Salipyrin,  676. 

Salcl,  725.  * 

Salophen,  725.  \^  t 

Salt  cake,  339. 

Salts  (normal,  add,  and  basic),  119. 
Samarium,  453. 
Samarskite,  453. 
Sandarac,  792. 
Santalin,  803. 
Santonic  add,  803. 
Santonin,  803. 
Sapogenin,  8oi. 
Saponin,  801. 
Sapo  mollis^  624. 
Saponification  of  fats,  623 
Sapphire,  443. 
Sarcine,  667. 
Sarcolactic  acid,  606. 
Sarcosine,  604. 
Saturated  hydrocarbons,  557, 
Scale  of  hardness,  25. 


Scamnx>nin,  795. 
Scammony,  795. 
Scandium,  452. 

compounds  of,  452. 
Scheele's  green,  430,  475. 
Schdbler's  reagent,  757. 
Schlippe's  salt,  486. 
Schweizer's  reagent,  642. 
Sdence,  definition  of,  13. 
Sebadc  add,  608. 
Secondary  alcohols,  57 1. 
Selenium,  713. 
Selenite,  361. 
Senarmontite,  478. 
Senegin,  801. 
Sensitizing,  76. 
Sericin,  814. 
Serpentine,  385. 
Serum  albumen,  808. 

globulin,  809. 
Sesquiterpenes,  779,  782. 
Siderite,  511. 

Silicic  add,  reactions  of,  869. 
Silicon,  260. 

•carbide,  265. 

chloroform,  261. 

dioxide,  262. 

disulphide,  265. 

hexachloride,  261. 

hydride,  261. 

tetrachloride,  261. 
Silk  fibre,  814. 
Silver,  407. 

bisulphate,  416. 

bromate,  416. 

bromide,  413. 

carbonate,  4 1 8. 

chlorate,  415. 

chloride,  413. 

coin,  412. 

cyanide,  669. 

fineness  of,  412. 

fluoride,  414. 

glance,  407. 

iodide,  4I3. 

mirror,  412. 

nitrate,  416. 
fused,  418. 

nitrite,  416. 
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Silver  oxide,  4x4. 

peroxide,  415. 

phosphate,  418. 

platiag,  412. 

pure,  preparation  of,  4101 

pyrosulphate,  416. 

reactions  of,  855. 

suboxide,  414. 

sulphate,  416. 

sulphide,  418. 

sulphite,  416. 

thiosulphate.  416. 
Silvering  on  glass,  412. 
Simple  ethers,  584. 

matter,  14. 
Sinalbin,  801. 
Sinalbin-mustard  oil,  801. 
Sinapin  acid  sulphate,  801. 
Siphon,  45. 
Skatol,  739. 
Slag,  513. 
Smalt,  524. 
Smithsonite,  395. 
Soap-making,  623. 
Soda-lime  method,  912. 
Sodium,  317. 

acetate,  598. 

acid  sulphate  or  bisulphate,  329. 

arsenates,  475. 

benzoate,  720. 

bicarbonate,  346. 

bisulphite  or  acid  sulphite,  328. 

borate,  335. 

bromide,  322. 

carbonate,  337. 

preparation  of,  338. 

chlorate,  325. 

chloride,  320. 

chromate,  498. 

fluoride,  319. 

fluosilicate,  337.  • 

hydrate,  323. 

hydride,  319. 

hypochlorite,  325. 

hypophosphite.  334, 

hyposulphite,  326. 

iodide,  322. 

metal>orate,  336. 

mctaphosphate,  334. 


Sodium  monoxide,  323. 

nitrate,  330. 

nitrite,  332. 

nitro-prusside,  670. 

orthoborate,  336. 

orthophosphates,  332, 333. 

permanganate,  506. 

peroxide,  323. 

preparation  of,  3 1 7. 

pyrophosphate,  333. 

reactions  of,  824. 

salicylate,  724. 

silicates,  336. 

stannate,  458. 

sulphantimonate,  486. 

sulphate,  328. 

sulphite.  327. 

sulphocarbolate,  707. 

thiophene-sulphonate,  675. 

thiosulphate,  329. 
Solanidin,  801. 
Solanin,  801. 
Solder,  456. 

Solid  hydrogen  arsenide,  472. 
Solidification  of  liquids,  54. 
Soluble  glass,  337. 

starch,  640. 
Solution  of  solids,  54. 
Solutions,  decinormal,  892. 

normal,  892. 

volumetric,  892. 
Solvay's  process,  343. 
Somnal,  663. 
Sonnenschein's   method  for  alkaloids, 

759- 
reagent,  757. 

Sorbic  acid,  603. 

Sorbite,  583. 

Soziodol,  707. 

Sozolic  acid,  707, 

Sparteine,  762. 

Spathic  iron,  51 1. 

Specific  gravity,  33. 

flask  (Squibb's),  33. 

heat.  52. 
Spectroscope,  71. 
Spectrum,  69. 

analy«;is.  71. 
Specular  iron.  5 1 1. 


INDEX. 


947 


Speculam-metal,  456. 
Speiss-cobalt,  523. 
Spermaceti  group,  622. 
Sperm-oil  group,  622. 
Spiegeleisen,  501,  513. 
Spigeline,  761. 
Spinel,  448. 
Spirit  level,  31. 

Spirilus  atheris  compositms^  5^ 
nitrosif  614. 

glonoinit  6 1 6. 
Spongin,  814. 
Spongy  platinum,  528. 
Sprengel  pump,  44. 
Stachyose,  634. 
Stannates,  457. 
Stannic  acid,  457. 

bromide,  457. 

chloride,  457. 

fluoride,  457. 

hydrate,  457. 

iodide,  457. 

oxide,  457. 

sulphide,  458. 
Stannous  chloride,  457. 

oxide.  457. 

sulphide,  458. 
Starch,  639. 

manufacture  of,  648. 
Starches,  classification  of,  639. 
Stas  ^  Otto's  method  for  alkaloids,  758. 
Steam-engines,  62. 
Steapsin,  652. 
Stearic  acid,  601,  87 1. 
Steel,  513. 
Stibnite,  478. 
Storage  batteries,  Z02. 
Storax,  794. 
Storesin,  794. 
Strassburg  tuq>entine,  780. 
Strontianite,  375. 
Strontium,  375. 

bromide,  377. 

carbonate,  379. 

chloride,  376. 

dioxide,  378. 

hydrate,  378. 

iodide,  377. 

lactate,  606. 


Strontium  monoxide,  378. 

nitrate,  378. 

reactions  of,  826. 

sulphate,  378. 
Structural  formulas,  548. 
Structure  of  solids,  26. 
Strychnine.  773. 

sulphate,  773. 
St]rrax,  714. 
Stjrrene,  689,  714. 
Suberic  acid,  608. 
Succinic  acid,  607,  872. 
Sucrol,  664. 
Sucrose,  637. 
Sugar  manufacture,  645. 
Sulphanilic  acid,  697. 
Sulpharsenites,  476. 
Sulpho- alcohols,  587. 
Sulpho- ethers,  587. 
Sulphonal,  588. 
Sulphonic  acids,  587. 
Sulphovinic  add,  616. 
Sulphur,  187. 

dichloride,  194. 

dioxide,  196. 

hexiodide,  Z95. 

moniodide,  194. 

monobromide,  194. 

monochloride,  194. 

sesquioxide,  195. 

tetrachloride,  194. 

trioxide,  201. 
Sulphurated  antimony,  485. 
Sulphurea,  664. 

Sulphuric  acid,  reactions  of,  865. 
Sulphurous  acid,  reactions  of,  864. 
Sulphurj'l  bromide,  213. 

chloride,  213. 
Swedish  green,  430. 
Sylvestrene,  782. 
Syntonin,  809. 

T. 

Table  of  elements,  108, 
Talc,  385. 
Tallow  group,  622. 
Tannic  acid,  727. 
Tannins,  classification  of,  728. 
Tantalic  acid,  493. 


9+8  It 

TanliJite,  493- 

Tantalum.  493. 

Tanaric  acid,  610,  873. 

Tartronic  «cid,  608. 

Taurin   588. 

Telegraph,  gS. 

Telephone.  99. 

Telescope,  74. 

Tellurium,  315. 

Tenacity,  25. 

Terbium,  453. 

Tcrebene,  781 

Terpphltmlic  acid,  731. 

Teniary  molecules,  1 14. 

Terpcnes.  classificatioii  of,  779. 

Tetpin,  781. 

hydrate,  781. 
Teqiincnc,    Si. 
Teipincol   7S1   784. 
Terpi  Hole  lie,  781. 
Tenestrial  magnetism,  85. 
Tertiary  alcohols,  571. 
Tetrachlor-mulliine,  570. 
Tetnchlnr-quinone,  711. 
Tetrahydroquinoliiie.  754. 
Telraiodopyrrol.  67s 
TetTBDiethyl  Ammonium  iodide,  639. 
Tetmmcthylene  diamine,  630. 
Tetramido-bcnienc,  700. 
Tetratomic  alcohols,  581. 
Tetrolic  acid,  603. 
Tetronal,  589. 
Telroses,  633. 
Thalleioquin  Icsl,  765. 
-l-hallinP.  754- 
Thallium,  454. 
Thebaine,  773. 
Theine .  667 
Thenard's  green,  534. 
Theobromine.  667. 
Thennomelcrs,  48. 

alcohol,  50. 

Thionyl  chloride,  it3. 

Thiophene,  674. 

di- iodide,  675. 
Thiosinaminc,  664. 
Thiosiilphuric  acid,  reactions  of,  865. 
Thio  lolene,  688. 


Thio-una,  664, 

Thorile.  470. 
Thorium,  470. 
Thymol,  708. 
Thymo-quinane,  713. 
"Hghc  acid,  fios. 
Tin,  45S. 

alloys,  456. 

amalgam,  457. 

chlorides,  457. 

foil,  456. 

oxides,  457. 

phosphides,  458. 

■tannic,  reactiolu  of,  S46- 

sunnous.  reactiona  of.  845. 

sulphides,  458. 
Tinned- plate,  455. 


Tin-st 
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Titanic  acid,  469, 
Titan  iutn.  469. 

fluoride,  469. 
Tolene,  794. 
Tolu  balsam,  794. 


Folue 


:,  686, 


Tolu ene-sul phonic  acid,  693: 
Toiuic  acid?,  7il. 
Tolui dines,  ■dgg. 
Tolu^uinoline,  753- 
Tolu-quinone,  713. 
Toluylene-diamine,  7O0u 
Tolyl  alcohols,  713, 
Tolypyrin,676, 

salicylate,  676. 
Tolysal,  676. 
Torricellian  vacuum,  401 
Toi albumens,  776. 
Tragacanria,  643. 
Tranilucency,  64. 
Transparency,  64. 
Trehalose,  634. 
Triacclamide.  631. 
Triacetin,4t9. 
Triamido-beniene,  700. 
Triarachin.  610, 
Trialomic  alcohols,  579. 
Tribetiiii,  620. 
Tiibtom-phenol,  706. 
Tribulytin,  619. 
Tricaprin,  619. 


Tiiciproniii,  619. 
TricapryliD,-6l9. 
Tiiortally  lie  acid,  6ia 
Trichlonceiic  tad,  io^ 
Tricblorpbenol,  706. 
Tndofgim,  620. 
Tricrudn,  6zo. 
TriethyluiuDe,  630. 
Tiicthrl-pfaospfaiDe,  63L 
Trih  jpt^rio,  6»j. 
Tri-Uowalerin,  619. 
Tiiliuuin,  61 9. 
Tiilioolnn,  620. 
TiimeUitic  acid,  Jtx, 
Trimesic  »ad,Ja, 

TiimrtbTlaie-diaimae,  (301 
TrniTii«in,  619. 
Trinimi- phenol,  706. 
Triolem,  620. 
Trioul,  589. 

Tripalcnuii,  6I 9. 

TnpbcBTt'CiiluKj,  731. 
Triphm  jI-QKlhaac,  7Jt. 

Triacdiarules.  634, 
Truadiam  offtltophoH^Mil^  33^ 
Trisieinn,  6ao. 
Trnx3i,  654. 
Traopioe-TTO. 

Tinpdaa.  7<j. 

Trcijijae,  752. 
Trr^JKH.  651. 
TnngSED.  S.Mk 
T=.-.,m.  6.S. 

TnrLcT-red  oC,  74^ 
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Umbelliferon,  719. 
Uoit  of  area,  19, 

of  electrical  reiiitanci 

of  length,  19. 

of  iiiui,  19. 

of  ipecific  beat,  Jt, 

of  wd^as. 
of  work,  aa 

UdIvctuI  giBvitUioii,  XI. 

Unlioe,  663. 
UraniDe,  736. 
Uraaite,  510. 
Unnivm,  jiOi 

chloride*,  51a 

oxide*,  51OL 
Urea,  66^ 
Urca*e,  6$!. 
Utc)de(,665. 
LiCf  ndioader,  l6>. 
UTCthaite,  663. 
Uric  acid.  66& 


e.111. 

,47*- 

Md,S99.*7l' 

V>leneaeid.J99,»71. 

Vtij'tmt.S^ 
Va:.»djuc..  49Z. 

Liratie.  493. 

ciiiunde.  493. 

pcMuikle,  491. 
Vaoillk  ad'j.  73C. 
Vaiii.'iiii,  71b. 
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Vivianite,  511. 

Volatile  oil  of  mustard,  790. 

oils,  786. 
Volt,  95. 
Voltaic  cell,  92. 
Volume  of  gases,  37. 

unit  of,  19. 
Volumetric  processes,  89a. 

solutions,  892. 

alkaline  cupric  tartrate,  900. 

W. 

Wagner's  reagent,  757. 
Wash-bottle,  820. 
Water,  167. 

glass,  337. 
Weight,  22. 

of  gases,  39. 

unit  of,  22. 
Weldon  process  for  recovery  of  chlo- 
rine, 134. 
Westphal  balance,  35. 
Whale-oil  group,  622. 
Whiskey,  659. 
White  arsenic,  473. 

iron,  513. 

lead,  466. 

precipitate,  44I. 

vitriol,  402. 
Whiting,  375. 
Willemite,  403. 
Wines,  manufacture  of,  658b 
Witherite,  379. 
Wolfram,  511. 
Wolframite,  510. 
Wood-gum,  643. 
Wood-tar,  793. 

Wood's  fusible  metal,  53,  489. 
Work,  definition  of,  20. 

unit  of,  20. 
Wrought  iron,  513. 
Wulfenite,  509. 

X. 

Xanthate  of  copper,  662. 
Xanthine,  667. 
Xanthogenic  acid,  662. 
Xanthophyll,  802. 
Xanthoproteic  acid,  805. 


Xanthorhamnin,  801. 
Xanthorrhea  resin,  793. 
Xylenes,  688. 

Xylene-sulphonic  acids,  692. 
Xylenols,  708. 
Xylidines,  699. 
Xylite,  58a. 
Xyloidin,  642. 
Xylo-quinone,  7 1 2. 
Xylose,  633. 
Xylylene-diamine,  700. 
Xylylic  acids,  721. 

Y. 

Yeast  plant,  653, 

Yellow  iodide  of  mercury,  436. 

oxide  of  mercury,  438. 

ultramarine,  498. 
Ytterbium,  453. 
Yttrium,  453. 

Z. 

Ziervogel's  process,  410. 
Zinc,  395. 

acetate,  598. 

arsenite,  403. 

blende,  395. 

bromide,  400. 

carbonate,  403. 

chloride,  399. 

dust,  399. 

ethyl,  632. 

hydrate,  402. 

hypophosphite,  403. 

iodide,  401. 

methyl,  632. 

nitrate,  403. 

oxide,  401. 

permanganate,  506^ 

phosphate,  403. 

phosphide,  404. 

reactions  of,  831. 

silicate,  403. 

sulphate,  402. 

sulphide,  404. 

valerianate,  600. 
Zincates,  402. 
Zincite,  395. 
Zircon,  470. 
Zirconium,  470. 
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